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Abstract 
The koala (Phascolarctos cinereus) is one of Australia's most highly specialised folivores with a 
diet exclusively of eucalyptus leaves to provide all nutritive needs. For this it is dependent on good 
dentition for optimal health and quality of life. The purpose of this study was to characterise and 
describe the level of oral health and disease in koalas and then create tools for ongoing analysis. 
The historical records over a 17-year period were noted for the koalas admitted to the Moggill 
Koala Hospital in South East Queensland. Further, in this study the conclusions were that oral 
health issues when they existed were only being identified as “low key” due to the lack of 
investigative tools being used during examinations. This provided the reasoning and impetus behind 
developing tools to determine the true extent of oral health conditions in the koala. A suitable 
assessment tool for diagnosing the oral health was designed based on the index scoring 
methodology and the layout of the Moggill Koala Hospital admission chart, a new oral health chart 
template was developed. The chart was based on examination of 30 “free-range koalas” and 
validation and quality assurance analysis of four examiners of varying qualifications. The chart was 
separated into three sections; containing general animal information such as sex, age, and current 
systemic health; the General Oral Cavity section and containing information on 12 koala-specific 
health questions and finally a section on the periodontal health. The charting data is multifunctional 
with analysis of individual koalas, (sex, group or age). The data from each section provided an 
index value that was compatible with values from other species clinical charting systems. 
 
Using the chart, populations of 200 “free-range” and 95 captive koalas (from three zoos) were 
examined. Three major indexes were developed during the chart development process and used the 
following equation; General Oral Cavity (GOCI) + Oral Health Index (OHI) = Final Oral Health 
Index (FOHI). Initially, the three major index values plus all additional information of each chart 
were analysed to show the current baseline values of oral health conditions in the koala. Any 
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comparison based on singular or multiple animals would either show a decline, same rate or 
increase from the baseline. These baseline parameters could be compared against any other species 
that uses the same 0-3 index system. 
 
The proportion of koalas from the whole population with an orally related problem was 86%.The 
average FOHI for the koala as a species was 3.78 ± 3.19, median 3.00. This is the mild category and 
held 84.5% of all cases. The maximum scores for the groups showed Zoo 3 as having lower range 
(Zoo 1; 11.42 for a TWC 1 male, Zoo 2; 13.40, Zoo 3; 4.13 and “free-range”; 15.98). The third zoo 
was the only group to have also had significantly better oral health than “free-range” koalas. 
Captive koalas showed high scoring at young age (11.42), the “free-range” comparable age score 
was 3.84. At population level when controlling for age there was no sexual difference in any of the 
three indexes. Index level increased with age. In both koala communities periodontal disease 
increased in extent, severity and prevalence with age. When split into young, adult and old 
groupings the proportion of koalas with an oral complaint were: Young (TWC 1 and 2) 12.6%, 
Adult (TWC 3 to 5) 45.4%, and Old (TWC 6 or >) 42%. The median score for the GOC index was 
3.00 with the most common score at 1.00. Proportionally 77.8% of the GOCI cases were mild, 19% 
moderate and 3% severe. 
 
Further analysis of a “free-ranging” population of 200 koalas showed that 74% percent of the free-
range population had Periodontal Disease (PD). One in every 16 koalas from Tooth Wear Class 4 
had evidence of developing periodontal pockets, gingival recession and loss of gingival attachment. 
Fifty percent of the population had gingivitis. The range of gingivitis index levels were between 
0.14 and 2.57, Calculus deposits were present in the oral cavities of 173 koalas of the free-range 
population The average calculus severity index for the population was 0.95 (sd. 0.72, min. 0.14, 
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max. 3.00, mdn. 0.85, mode 0.42). Severe levels of gingivitis and calculus were seen on most tooth 
sites with highest levels on the mandibular premolars and incisors. Periodontitis cases represented 
28% of the “free-range” koala population, with aged koalas showing the highest proportion of 
cases, severity and extent. Thirty percent of the population finally developed advanced alveolar 
bone resorption (interdental and furcation) with the greatest bone loss sites being between the M2 
and M3 in both jaws. The depth of bone loss measured 11.91mm at the M2. One in every three 
koalas with PD had vegetation compacted at the site affected. For every two koalas with systemic 
disease, one koala will have PD. 
 
In the captive koala population of 95 koalas over 50% of the population were affected by gingivitis, 
calculus and periodontitis. Fifty-six cases of bleeding were recorded, 28 cases observed 
spontaneous bleeding, with 82% of these cases coming from Zoo 1. All spontaneous bleeding cases 
were later identified as having systemic disease. Gingivitis occurred in 61% of the captive 
population, and was present with calculus in 36.8% of the whole population. The average gingivitis 
index level was 0.86 (s.d 0.84), minimum 0.14, maximum 3.00. Calculus deposits were present in 
the oral cavities of 49 captive koalas. The average calculus index was 0.68 (s.d 0.61, index range 
0.14 – 2.40).There was 36 (38%) koalas with periodontitis. The greatest depth measurement of bone 
loss was 17.40mm at the M3. Attachment loss in the mandible showed the incisors had the largest 
average loss (I1 average 5.16, s.e 0.26). In the maxilla the incisors also held the highest average at 
3.00, s.e 0.15 followed by the M2. 
 
When examining non-periodontal disease oral anomalies they were over three times more prevalent 
in the free-range animals than in the captive colonies. The captive colonies recorded 90 incidences 
of tooth abnormalities with Zoo 1 experiencing the highest proportion at 40.7% of their koalas. In 
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the free-range koala group, 303 anomalies were identified. Motor vehicle and dog attack incidences 
caused torn periodontium, bite marks, broken teeth and jaws, hard palate irregularities, tooth loss 
and torn cheek flesh. Free-range animals reported 46.5% were affected by compacted vegetation, 
whereas in the captive group the rate was 19%. Abnormal tooth wear, supernumerary teeth, 
attrition, cracks, crazing, chips, abrasion and abfraction, or tooth displacement was common. Eleven 
“free-range” koalas had thrush, glossitis, blistering, skin loss, or bites to the tongue. The captive 
koala did not record any trauma-associated problems. The degree of anisognathia in the koala is 
22.4%. Four malocclusion types were identified. The free-range koala possessed one malocclusion 
type. The captive koala had all four versions. Captive koalas also had a higher proportion (30.5%) 
than the free ranging koalas (22%). Dehiscences and fenestrations occurred at rates of 25.2% and 
19.2%. The extrinsic black stain common to the koala mouth was found to be a useful tool in the 
measurement of relative attachment loss and the detection of abnormal tooth wear. Additionally, the 
hard palate rugae patterns were identified as an aid in the discovery of prior injuries to the maxillae. 
 
Conclusion: Periodontal problems were significant findings in 74% of “free-range” and 61% in 
captive koalas. Oral abnormalities associated with trauma caused major difficulties in the free-range 
koala. In the captive koala, the major significant abnormality was malocclusion. This standardized 
recording system will assist koala hospitals and zoos in managing oral problems that can affect 
animals. 
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: Introduction Chapter 1
 Background 1.1
The purpose of this study was to design a suitable assessment tool for diagnosing the oral health 
condition of the koala. Once the assessment methods were developed, testing, improving and finally 
the assessment of koala colonies was performed. This established the oral health conditions and 
severity within the species. The data comes from the examination of free- range and captive koalas.  
The free-range group were from a collection of hospitalised wild koalas that had a range of illnesses 
or physical conditions. The captive koalas were either wild orphan raised or captive bred animals. 
Emphasis is placed on periodontal disease, which is singularly the most important aspect of poor 
oral health. Severe periodontal disease can affect the animal’s chance of gaining longevity and 
quality of life. Dental health is important to all species. In humans, we have available to us highly 
experienced dental practitioners and domesticated animals have dental therapies available through 
veterinarians. Non-domesticated animals (commonly termed wild animals) however are limited in 
that little is known about their specific needs, and little is done in planning dental care and therapy. 
In addition to periodontal disease, physical trauma is well documented in the free-range koala and 
oral conditions from such trauma can also severely affect animals. To ascertain the full scope of an 
individual species dental health requirements you need to understand their oral health complaints. 
From this, you can develop an oral health plan that is distinct for that species. This is what was 
achieved within this thesis. 
 
 Current koala examination recording, does it cover oral health 1.2
Prior to designing and producing a dental chart for a species, it is important to determine the relative 
importance and range of diseases seen, to determine the need for such a chart.  
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The koala (Phascolarctos cinereus), an iconic marsupial endemic to Australia has suffered regional 
population declines, where in South East Queensland the coastal populations declined by 64% 
(Anon, 2009), This is due to systemic diseases, habitat loss, motor vehicle incidences, and dog 
attacks  (Lunney et al., 1990, Smith and Smith, 1990). Genetic abnormalities from inbreeding have 
also been detected in Victoria and South Australian free ranging populations indicating that 
heterogeneity of the gene pool has diminished (Seymour, 2001, Cristecu et al., 2006).  Recently the 
Environmental Protection and Biodiversity Conservation Act listed the species as vulnerable in 
New South Wales, Queensland, and the Australian Capital Territory (Anon, 2012). Part of the 
conservation of the koala is the rehabilitation or veterinary care of sick, orphaned or injured 
animals. A major South East Queensland koala facility is the Queensland Government run Moggill 
Koala Hospital, Brisbane. Koala care is performed by a multidisciplinary team, which includes 
community members, veterinarians, keepers, and others.  
 
Oral health complaints are known to exist in all mammals examined for dental health. Therefore, it 
would be acceptable to state that the koala must have some form of oral health issues. Prior to this 
study, the dentition was examined as an evaluation process to estimate the age of an animal. 
Whether any further oral health examination was performed is unlikely, as the examination chart at 
admission did not have any fields to collect oral health data. To investigate this hypothesis further, 
and discover whether any oral health problems do exist, in Chapter 3, 17 years of Moggill Koala 
Hospital records were examined. Qualitative and quantitative research discovered evidence of oral 
health issues in the koala. The records were also examined for the quality of the record keeping, 
examiner record performance, the ability of the recording methods to be statistically comparable 
with other research data and to detect oral health related material. Over the timeframe, 17 charts 
were designed and 30 versions developed. The conclusion reached was that while the current koala 
admission, examination and treatment form had successfully evolved into a more streamline system, 
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it did not have the capacity to detect new and emerging diseases. The study also showed that oral 
health issues were evident within the koala population but the diagnosis and treatment outcomes 
were at times not recorded. The layout style and numerical measures for qualitative data used over 
the timeframe of koala records provided the acceptable style scoring method needed for the 
development of a new chart. It was necessary therefore to develop an oral health chart especially for 
the koala.  
 
Koala research has been the focus in a wide range of sciences, such as; neurobiology, immunology, 
musculoskeletal, osteology, reproductive, lymphatic, diet and digestive systems, systemic diseases 
and other pathologies, medicine and comparative mammalian studies. Palaeozoological research 
revealed an amazing evolutionary history, which has answered many taxonomical questions about 
the current koala and its ancestors. Anthropogenic research into Australian history includes 
descriptive information on lifestyle, reproduction and territorial ranges of the marsupials including 
the koala. Current disease research is making a concerted effort to develop improved chlamydia 
therapies (Carey et al., 2010, Kollipara et al., 2012, Govendir et al., 2015, Kimble et al., 2013). 
However, missing from all research of the koala spanning from post settlement eras to today are 
detailed investigations into koala dental health. Oral health diagnoses, management and therapies 
for the koala (Phascolarctos cinereus) currently only exists as generalized statements in a few 
husbandry manuals. Exact methodology to diagnosis oral health is not known to exist. Nor is there 
any evidence of all known orally related issues found in the koala. Current evidence is limited to 
oral tumours (Figure 1-1), thrush, abscesses and palaeo skeletal findings of supernumerary teeth and 
twisted jaws. Jaw trauma is the prime injury reported following motor vehicle incidences. However, 
these oral problems have not been developed into an orderly diagnostic manual specific to the 
koala.  
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Damage to regions of the skull, particularly in the premaxilla area, can interfere with occlusal 
movement or a nasal infection can involve the glands or bone near the entries from the nares into 
the oral cavity. Injuries such as fractures to any cranial bone may lead to irregular mastication or 
infection. In addition to the cranial region, any systemic or localized ailments of the nose, throat or 
digestion system may contribute to an oral disease or infection. Cases of Cryptococcosis have 
resulted in the nasal infection transmitting to the oral cavity causing lesions  (Krockenberger, 2003). 
The relationship between other major systems of the body and the oral cavity are important in 
veterinary dentistry. General health history, head or digestive complaints of an animal (Figure 1-1), 
in many instances play an interactive role in diagnosing oral health issues.   
 
 
 
The chart prototype was developed using 30 free-range rehabilitation koalas (Chapter 4). The 
method in which any chart is filled out is very important. Chart flow or the connective progression 
of the questions, requires answers to be limited in wordiness but descriptive enough to detail any 
medical condition. Any progressive connection where questions are in a layout of likeminded 
questions placed together also helps in engaging the reporter, improving momentum when filling 
Figure 1-1: Orofacial tumours cause occlusal disruption, preventing 
proper mastication. 
23 
 
out a chart. With flow, the questions need to be interpretable by all and the answer format identical 
to any current charts used within the facility. These factors if followed correctly will increase the 
usage of the chart.  
 
The clinical issues identified in the animals, oral disease and abnormalities needed grades of the 
same numerical scale as currently used in the admission chart. Together with standard animal oral 
health examination criteria, these were used to develop the chart. To ensure the oral health 
examination could be performed by anyone in koala care the prototype was trialed using four 
examiners with varying koala diagnostic skills and a final chart developed from the findings. 
Discovery of the oral health state in the koala required several approaches. The chart is separated 
into three sections; 1 contains general animal information such as sex, age, and current systemic 
health, section 2 is called the General Oral Cavity section and contains information on 12 health 
questions specific to the koala, for example whether there is compacted vegetation within the teeth, 
in section 3 the oral health is graded. This includes calculus, bleeding, inflammation and mobility. 
The chart data can be used in various ways. By individual koala, sex, group or age. Analysis of the 
chart data provides answers based on multiple levels. Separation of the raw data into meaningful 
oral health topics and colonies was required to obtain all of the conclusions based on the raw data. 
To provide analytical data, which would be comparable with other species, index equations were 
developed. Scaling from 0 = healthy to 3 = severe, these indexes plus graphic aids describing levels 
of severity provide assistance to allow examiners to correctly diagnose oral conditions and be 
consistently accurate in their record keeping. 
 
Using the chart a population of 200 free-range rehabilitation koalasand 95 captive koalas (from 
three zoos) were examined, and their oral health recorded on individual charts. The raw data as 
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mentioned previously was grouped into oral health topics and by colony type. The depth of 
investigation required to discover all oral health issues affecting the koala demands separation of 
the information collected via the charts. Initially, in Chapter 5 the major indexes (three per chart) 
from the 295 charts were analysed. These indexes provide the qualitative and quantitative index 
levels based on colony, sex and age. This preparatory chapter provides a population level standard 
against which a koala can be measured. The analyses can be used as a comparison against any other 
species that uses the same 0-3 index system.  
 
It was then decided that PD required separation from any other anomaly recorded on the charts. 
Providing a thorough investigation into the distribution and severity of PD allows for complete 
knowledge of the disease in the koala. Additionally, oral issues that were non-PD also required 
separation from PD and full investigation and discussion that could not be provided if the 
information was collectively presented with periodontal disease. The captive koalas were compared 
to the free-range koalas. This will guide the keepers of the captive animals so to constantly improve 
their standards if they are not the same or better than the free-range baselines. 
 
In Chapter 6, periodontal disease is evaluated. Periodontal disease is a major section of dentistry 
and has not been identified in the koala prior to this study. This study examines the prevalence and 
severity of periodontal disease in the free ranging rehabilitation koala. Two hundred koalas were 
examined using the developed oral health chart. The data used from the oral charts is specifically 
the clinical diagnostic information central to periodontal disease components: calculus, gingivitis, 
inflammation, bleeding, and mobility, periodontitis (clinical attachment loss levels, gingival 
recession and periodontal pocket depth). Prevalence was also examined against general health of the 
koalas to identify whether systemic disease was correlated with periodontal disease presence. 
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Contained in the results are the sexual and age variations fluctuations and draws up the baseline 
scores, which will enable future researchers to have a guideline as to the minimum, average and 
maximum levels identified in the koalas. 
 
From these results, a comparative chapter, Chapter 7 examines the oral health 95 captive koalas 
from within three zoos in South East Queensland. This reveals any improved or detrimental oral 
health based on the standards of their free-range counterparts. The chapter also investigates whether 
certain husbandry factors and general health complications possibly add to increasing or decreasing 
an oral health state.   
 
Finally, within the 295 koala charts are a collection of non-periodontal dental problems that were 
initially discovered during the development of the chart in Chapter 4. Chapter 8 contains physical 
trauma, tooth wear, stain, tongue damage or disease, occlusal disturbances, hard palate 
abnormalities, cheek damage or infection, caries and periodontium trauma. Population frequencies 
and binomial associations between categories are analysed. Each oral issue is presented with normal 
and abnormal range information. Criteria are developed for some abnormal findings to enable 
similar research findings in the future.  
 
To provide access to koala oral health information a diagnostic manual was developed. The 
diagnostic manual provides in depth information on all aspects of normal and abnormal parameters 
of koala oral health. It is a full description of all the findings within the early chapters shown in a 
pictorial and text format. An interactive website for the e-book version will be developed after 
completion of the thesis. 
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 Research Proposal 1.3
This project is primarily divided into two parts. Firstly, the investigation into the need of an oral 
health chart for the koala, followed by the development on the chart and trials to prove the statistical 
strength of the data retrieved from the use of the chart. Secondly, using the koala chart, the 
examination of 295 koalas from free-range rehabilitation and captive environments and the 
disclosure of the oral health information. 
Therefore the aims of investigation within this thesis are: 
1. South EastTo establish the current oral health status using a satellite study group and 
establish the required assessment tools needed for examining a koala for oral health 
2. To create a standardized charting system which details periodontal health, physical 
abnormalities, trauma, other dental pathologies, local disturbances or general malaise 
originating from the oral cavity 
3. To discover the findings of the oral health chart using the index values in a 
population survey of koalas. Age and sex variations will be discussed and the 
average values found will be the standard baseline for future studies 
4. To describe the oral health of the free-range koala and the captive koala and establish 
baseline parameters for the koala 
5. To classify and develop standard types for reoccurring abnormalities and introduce 
any additional oral abnormalities discovered in the koala and whether they are 
specific to the free-range or captive koala 
 
Therefore, a major focus of this study was to produce findings based on visual observations and 
minimally intrusive tools like probing. These could then be applied in the clinical setting at a 
minimal cost. This would then encourage veterinarians to diagnosis and treat native animals without 
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incurring major financial burdens. The study proposed here will add to the knowledge of the 
ecology and physiology of this marsupial. Understanding the oral health status of koalas will 
provide additional evidence of the pressures both environmental and physically that are being 
placed on the species. Australian zoological facilities, teaching facilities and veterinarians lack 
specific exotic animal dentistry knowledge and the requirements of standardised monitoring or 
charting seen in domesticated animals is not in place in Australian wildlife facilities. This is despite 
ongoing concerns raised by many facilitators that oral health is a primary indicator mechanism in 
the diagnostics of oral and systemic diseases and prevention. Overseas veterinarian dental 
practitioners such as those within the Colyer Institute have specialised in exotic species held in 
captive environments (Anon, 2015)  and yet our facilities house vast arrays of species that require 
specific knowledge to maintain good oral health.  Knowledge of our own native species dental care 
is improving and this knowledge will benefit overseas facilities that house our native species. To 
understand what is normal for an animal you are required to know the relationship with the ecology 
and biology of the animal. Interrelated with dental care and monitoring. To examine an animal 
without prior knowledge may not pick up minute indications of problems that exist.  
 
Overall, this body of work has documented the lack of investigative knowledge of oral health in the 
koala. From this discovery, the major oral issues in the koala were found and formulated into an 
oral health chart. This chart was tested and modified to mirror the current koala admission 
examination chart format. To establish the levels of periodontal disease components 200 free-range 
rehabilitation koalas were examined using the chart. Following this 95 captive animals reported the 
oral health of the captive koala. Finally, all non-periodontal oral issues were reported.  
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: Literature Review Chapter 2
 
 Introduction 2.1
The marsupials are classified into two orders, the Polyprotodonta and the Diprotodonta based on 
variations in incisor pairs and degrees of specialization (Figure 2-1 and Figure 2-2). The 
Polyprotodonta, having several pairs of lower front teeth, are the quolls (Dasyurus), planigales 
(Planigaline) and Tasmanian devil (Sarcophilus harrisii), in Australia and in America, the 
Didelphids (Opossums). They are characterized by sharp, relatively unspecialized teeth and are 
primarily carnivorous with some exceptions, the Peramelids (bandicoots and bilbies), which show 
omnivorous tendencies. The Diprotodonta, having two lower front teeth, are the herbivores and 
omnivores. The majority of Diprotodont species are herbivorous and characterized by large, 
procumbent first incisors, smaller secondary incisors, reduced or absent canines, and specialized 
molars suited for grinding herbivorous material. The Diprotodont jaw is short, usually with three 
pairs of upper incisors. The Diprotodont group consists of four superfamilies: the Phalangeroidea 
(gliders and cuscus), Tarsioidea (honey possums), the Macropoidea (kangaroos and wallabies) and 
the 
Figures 2-1 and 2-2: The Tasmanian Devil (left) [Sarcophilus harrisii]  is a 
Polyprotodont and the Koala (right) [Phascolarctos cinereus] a Diprotodont 
  
  
Figure 2-1 Figure 2-2 
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Vombatoidea (wombats and koalas). The koala (Phascolarctos cinereus) has evolved into a 
specialist folivore consumer dependent upon obtaining nutrients exclusively from eucalyptus 
leaves. The only other marsupials known to consume eucalyptus leaves, as part of their diet are the 
greater glider (Petauroides volans) and the ringtail possums from the family Pseudocheiridae. 
 
 The koala oral anatomy 2.2
The oral cavity of the koala has structures typically found in the mouths of most animals: the 
internal epithelium of the cheeks; tongue; hard and soft palate; the periodontium; and teeth. 
However, the koala has structurally unique traits; large non-inflected mandibular process separates 
them from being typical herbivorous species who normally have shelf-like angular processes 
(Sanchez-Villagra and Smith, 1997);  no pterygoid fossa; a masseteric foramen; a restrictive mouth 
gape; suppressed deciduous dentition; specialised molariform cusps; large vacuities in the maxillary 
palate (Figure 2-3); and a fully formed buccal or cheek pouch. Research into the physical structures 
of the koala oral cavity has either being only historical or non-existent. Some information below is 
definitively restricted to marsupialia, the koala may not have been the subject of the research but the 
information is still relevant to the species. 
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2.2.1 Dentition 
 Eruption sequence 2.2.1.1
Ossification of the membrane bones of the face, dentary, maxillary and premaxilla bones in 
marsupials occurs earlier during development than in other mammalian orders (Nunn and Smith, 
1998). Prelacteal development of the oral cavity entails the creation of unique sensory cells around 
the lips to aid the attachment of the teat by the young koala. The oral cavity is then sealed by 
additional cellular growth around the lips (Gemmell et al., 1988). It is during the stage of teat 
attachment that development of dentition in the young pup begins. 
 
Dental succession in marsupials was first reported by William Flower (1867), he also determined 
that the maximum number of molars present in extant marsupial species is four. Succession in the 
Figure 2-3: The jaws of the koala showing the dentition types. Left – Mandible, 
Right - Maxilla 
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koala was then reported by Thomas (1887) as only occurring in a single tooth. The rudimentary 
milk tooth is between the premolar and the first molar of each dental arcade (Figure 2-4). Blanshard 
(1990) confirmed that at 88 days of pouch development the deciduous premolar is at its greatest 
development, then to be either resorbed to a calcified remnant or lost at around 189 days. The exact 
process of loss of the tooth has not been fully investigated. 
During the suckling period, development of the jaws and eruption of the permanent teeth begins. 
Around seven months of age ingestion of digestible faeces (pap) and the initial tasting of eucalyptus 
leaves begins. Blanshard (1990) suggested the beginning of weaning and leaf digestion began later, 
when the premolars and molars erupt. This was later disputed by Johnston et al. (2000) and Pond 
(1977) who believed it coincided with the eruption of front incisors of both jaws. The eruption 
sequence was recorded by Blanshard (1990) and the sequence of events are shown in (Table 2-1). 
Eruption proceeds anterior teeth to posterior teeth with the left dentition erupting just prior to the 
right (Blanshard, 1990). 
Figure 2-4: Thomas (1887) was the first to 
discover milk dentition in the koala 
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 Adult Dentition 2.2.1.2
The structure of koala teeth show the typical mammalian pattern of four major compounds: enamel, 
cementum, dentine and pulp. All marsupials, except the wombat, have rooted teeth with microwear 
pattern No. 2 enamel which is a highly folded enamel that adds additional strength (Young, 1987). 
The enamel, an outer layer that only covers the tooth crown consists of tubular prisms within 
Hunter-Schreger bands (Young, 1987). Unique to the koala are enamel crystals within the prisms. 
These crystals give the enamel extra hardness to resist wear (Young, 1987). Cementum is not as 
strong as enamel and does not contain prisms. It surrounds the tooth below the gingival crest at the 
Table 2-1 : Koala eruption Sequence Timeframe from Blanshard, (1990) 
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cementoenamel junction (CEJ), and along the body of the roots (Figure 2-5 and Figure 2-6). The 
main function of cementum is to connect the tooth with surrounding structures via the periodontal 
ligament (PDL) and embed it strongly in the alveolar bone. The core structure of a tooth is the pulp, 
which is innervated tissue supplied from the root canal with nerves and blood supply. Dentine, an 
organic mineral salt matrix, surrounds the pulp body lying adjacent to the cementum layer. It is not 
as hard as enamel and is constantly replenished by odontoblasts that line the pulpal canal. 
Figures 2-5 and 2-6: An incisor vertical slice diagram (left) and (right) 
a singular molar sectorial crest and root section 
  
  
Diastemata separate the incisors from the canine and molar teeth. Four classes of teeth are identified 
in the koala dentition: incisors, canines, premolars and molars. The koala dentition is represented by 
the dental formulae: 
 
Phascolarctos cinereus: 2 x 𝐼 3
1
⋮ 𝐶
1
0 ⋮ 𝑃 11 ⋮ 𝑀 44 = 30.  
 
Figure 2-5 Figure 2-6 
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The canines are non-functional. Conflicting views are held over the function of the incisors during 
mastication. When describing adult koala leaf selection Smith (1979) stated ‘the lower incisors and 
the lateral upper incisors do most of the biting’ whereas Lee and Martin (1998) regarded the second 
and third incisors as functionless once mastication has established in the young. Koala molars are 
defined by their exterior bunoselenodont shape with pyramidal cusps (Archer, 1976, Archer, 1978, 
Young, 1990a, Young et al., 1989, Archer, 1977). These cusps provide excellent shearing and 
cutting power needed when chewing the fibrous eucalyptus leaf. 
 
2.2.2 Hard and Soft Palate 
The major function of the hard palate in most animals is in bolus formation of the digested material 
(Prinz and Lucas, 1997) however whether this is occurs in the koala oral cavity is not known. The 
hard palate has not been further investigated since the 1800’s. Owen (1868) regarded all marsupials 
as having a hard palate ‘sculptured with transverse ridges’ (Figure 2-7) with Martin (1836) adding 
that the number of ‘furrows’ between the rugae as eight. There is no distinctive median palatine 
raphe covering the intermaxillary suture although a midline curvature or separation of the rugae do 
define the position of the underlying suture. The soft palate begins after the final rugae between the 
fourth molar pair. The soft palate has a smooth mucous membrane with sinus entrances visible in 
front of the epiglottis that belong to a pair of ovoid palatine tonsils. The koala has additional tonsils 
in the wall of the oropharynx (Hemsley et al., 1996). 
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2.2.3 The Cheek Pouch  
The koala is the only marsupial to possess a cheek or buccal pouch (Pocock, 1921). It is adjacent to 
the first palatine rugae and the two may work in unison during mastication (see Figure 2-8) 
(Beddard, 1902). The cheek pouch has not been studied since the early 1900’s. Owen (1868) 
described the cheek pouches as a horizontal fold of mucous membrane attaching the upper lip to the 
premaxilla bone with the opening of the orifice situated opposite the premolar (Figure 2-9). The 
Figure 2-7: The koala hard palate has eight 
deep transverse ridges typically called rugae 
Figure 2-8: The cheek pouch (arrow) of the koala is 
positioned adjacent to the hard palate of the maxilla 
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pouch was later described as ‘the mucous membrane of the pouch is smooth and attached to the 
maxillary buccal periodontium at the bucco-distal edge of the premolar and again adjacent to the 
position of the first rugae (Forbes, 1881). Pocock (1921) then described the cheek pouch as being an 
‘orifice looking downwards and a cavity extending upwards and backwards towards the eye’. The 
entrance to the pouch is large and surrounding facial tissue relatively elastic in movement. 
However, anatomically the koala pouch is very different to other species such as the platypus 
(Ornithorhynchus anatinus) in that they are not expandable or surrounded only by flesh and muscle. 
As seen in Figure 2-8 and Figure 2-9 there is bony support preventing the expansion of the pouch as 
seen in other species. 
 
2.2.4 Tongue and Mandible Floor  
The tongue of the koala covers the floor of the mandible between the caudal dentition. There are a 
number of lingual papillae on the tongue. A large central papilla near the base (Martin, 1836) 
described as circumvallate papilla (Young, 1881), smaller filiform papillae, interspersed with 
numerous white fungiform papillae cover most of the tongue dorsal surface. The fungiform papillae 
Posterior region where the 
buccal pouch is situated 
Premaxillary bone 
Figure 2-9: Skeletal frame of the maxilla with positioning of the buccal 
pouch 
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are more prevalent along the outer edge and anterior tip of the tongue (Young, 1881). All the 
papillae are associated with taste except the filiform papilla. Koalas have a distinct oral hyoid 
apparatus (Aplin, 1990) enabling them to vocalise loudly and aggressively, displaying anterior teeth 
and biting. Beyond the hyoid bone at the base of the tongue are the typical mammalian tonsils 
(Owen, 1868). 
. 
2.2.5 The Periodontium 
The anatomical structure of the periodontium consists of the gingiva, periodontal ligament (PDL), 
the alveolar bone, and the root cementum. The primary function of the periodontium is to support 
the teeth and anchor them in the alveolar bone. The gingiva can divided into; the marginal gingiva - 
a collar-like margin of gingiva surrounding the tooth, the attached gingiva - which is next to the 
marginal gingival and securely attached to the alveolar periosteum and alveolar bone and extends to 
mucogingival junction and the free gingival margin, - which is not attached to tooth cementum and 
creates a space called the gingival sulcus (Figure 2-10). The internal cellular process of 
periodontium development and regeneration in the koala has not been researched. 
 
Figure 2-10: Periodontium Landmarks of the Koala 
 39 
 
The alveolar process shown in Figure 2-11 contains the alveoli that support the teeth. The alveolar 
bone consists of two types. The compact (or cortical) bone and trabecular bone. The compact bone 
is the dense smooth bone seen in the outer layer of the alveolar. The spongy internal bone seen in 
the two vertical slices here is trabecular bone. The large vacuoles at the base of the bone in the 
images are the branches for blood supply. 
 
 
 
 Koala Mastication 2.3
The koala has a unique specialized masticatory physiology with eight muscles of mastication 
including a wide masseter-temporalis muscle complex (Davison and Young, 1990). The deep 
masseter, temporalis superior and medial pterygoid muscles work in unison to produce a powerful 
bite force allowing the koala to cut and chew eucalyptus leaves using lateral anisognathic and 
anteroposterior isognathic jaw movements effectuated by the superficial masseter (Davison and 
Young, 1990, Nakajima and Townsend, 2009). 
 
Figure 2-11: Inside the alveolar process and the tooth root canal 
Compact Bone 
Trabecular Bone Route for blood vessels 
 40 
 
In the resting position, the cheek teeth are positioned so the palatal cusps on the maxillary cheek 
teeth are in line with the valleys of the mandibular cheek teeth. The arrangement of the tooth row is 
therefore anisognathic. The jaw bite of the koala is brachynathic with the lower incisors and the 
second upper incisors occluding (Smith, 1979). However, the molariform teeth are the primary 
masticating teeth. The lips are partially opened at the front. The mouth gape is highly restrictive in 
movement (Figure 2-12) mainly due to the surrounding thick oral tissue of the lips and 
commissures. 
 
 
 
 Age Estimation 2.4
The abrasive wear of the cusps of the maxillary cheek teeth as they occlude with the mandibular 
cheek teeth are used to estimate the age of free-range koalas. The technique places koalas into 
groups called tooth wear classes (TWC). Development of a technique has been perfected by several 
Figure 2-12: The restrictive mouth gape of 
the koala makes it difficult to see the back 
of the mouth 
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Australian scientists. There are minor variations between tooth wear class allotment between the 
southern states and Queensland research.   
 
Eberhard (1972) using koalas from Kangaroo Island, South Australia. Correlated ages to five tooth 
wear groups ranging from ‘nil wear’ to extreme wear’. Martin (1981) developed seven numerical 
classes based on the wear of the right maxillary premolar and first molar of Victorian free-range 
koalas, later modifying these classes to represent ages (Martin, 1981, Martin and Handasyde, 1999). 
While Lanyon and Sanson (1986), using Victorian koalas, based aging on the right maxillary molar 
wear (Lanyon and Sanson, 1986a). 
 
Gordon (1991), developed 10 classes based on Queensland specimens using the method of Martin 
(Martin, 1981). Seven classes, TWC 1 to TWC 7 were defined from collected data, however TWC 
8, 9 and 10 were based on predictive estimates and not based on any specimens (Gordon, 1991). 
Further, Young (1990) determined that sexual dimorphism was present in the cementum of koala 
teeth and suggested that a bilateral composite class would be more accurate method than a system 
based on one dental arcade. Jackson and co-workers (2000) recommended Gordon’s seven classes 
to be used in koala husbandry guidelines. 
 
The lifespan of a koala in the wild is thought to be 18 years of age (Martin and Handasyde, 1999), 
equivalent to TWC 7, and by this time, the cheek teeth have reduced to level with the gingival 
margin. The loss of occlusal biting surfaces reduces fine particulate production but the koala 
compensates by increasing intake (Lanyon and Sanson, 1986a) and developing merycism behavior 
(Logan, 2003). However, most free-range koalas do not live to old age with most succumbing to 
trauma through land clearing and urbanisation impacts (Cogger et al., 2003). 
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Recently, the Queensland technique developed by Gordon (1991) showed variations in classing 
between sub-humid Brigalow Belt, Queensland colonies and a Central Queensland island colony. 
The koalas in the Brigalow Belt showed increases enamel wearing from feeding on eucalyptus 
leaves with higher lignin material, silica dust and other particulate matter. The koalas on St. Bees 
Island, Queensland ‘wet’ rainforest foliage were suggested to have higher nutritional loads and 
much reduced abrasive dust (Melzer et al., 2011). 
 
 Oral Diseases and Pathologies 2.5
The major oral disease of all mammals is periodontal disease (PD), which involves destructive 
changes to the periodontium. The resident microbiota in dental plaque initiates periodontal 
inflammation that affects both the hard and soft tissue that supports the teeth.  
 
Dental plaque starts when bacteria adhere to salivary proteins on the tooth enamel forming a 
biofilm. In health it is predominantly Gram-positive, facultative microorganisms which includes 
Streptococcus, Staphylococcus and Actinomyces species (Socransky et al., 1977, Socransky and 
Haffajee, 2000). Over time, this soft plaque can thicken and harden into calculus from the calcium 
phosphate, mucin, epithelia remnants, magnesium phosphate and other organic material in saliva. 
As plaque accumulates along the gingival margin and in the subgingival crevice it initiates the early 
stages of acute gingivitis (swollen, red and bleeding gingivae), which is reversible. If the plaque is 
not removed, it will lead to a more chronic form of gingivitis. With the increasing gingival 
inflammation, there is loss of tight abutment of the gingival sulcus. The plaque and calculus will 
then extend down into the subgingival pocket (Greene et al., 2005). If left to continue, destructive 
periodontitis is usually the outcome. 
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An irreversible condition, periodontitis affects the supportive structures of the dentition, the 
periodontal ligament (PDL) and alveolar bone. There is an increase in overall presence of motile, 
Gram-negative, anaerobic bacteria within the gingival sulcus and an inflammatory reaction by the 
host in response to the presence of these bacteria (Niemiec, 2008). In periodontitis, there is an 
apical migration of the junctional epithelium, development of periodontal pockets and gingival 
recession that culminate in the loss of alveolar bone (Kinane et al 2008). As gingival recession 
continues and the periodontal pockets deepen, the site becomes more anaerobic. If conditions do not 
resolve then an insidious cyclic of resorption and destruction of the periodontium continues with  
loss of the connective tissue surrounding the teeth, affected teeth becoming mobile and eventually 
tooth loss occurs (Sheppe, 1965). 
 
2.5.1 Theories and Aetiology of Periodontal Disease  
Much of the progress and knowledge of CIPD (Chronic Inflammatory Periodontal Disease also 
known as PD) has come from many human studies over the past 100 years. Most adult humans have 
some degree of CIPD and 10-30% affected with chronic periodontitis (Papapanou, 2012). While 
this thesis is not a specific study on the bacteria that has been associated with CIPD it is necessary 
to discuss the role of bacteria involved in the aetiology of periodontal disease. 
 
The oral cavity is home to a multitude of bacteria colonising a variety of surfaces, namely the 
tooth, tonsils, tongue, hard and soft palates, buccal cavity, lips and associated gingival tissue 
(Kolenbrander and Landon, 1993, Paster et al., 2001, Rosan and Lamont, 2000, Whittaker et al., 
1996). With specific microbial species demonstrating tropism for specific tissues (Aas et al., 2005, 
van Houte et al., 1970, Gibbons, 1996, Mager et al., 2003), all of which interact with each other as 
well as with the oral environment (Konopka, 2006, Raes and Bork, 2008). In health, these 
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endogenous species live in symbiosis with the host. Changes in the oral microbial ecology due to 
nutritional and atmospheric gradients, synergistic and/or antagonistic interactions between 
microbial species, may render an organism pathogenic (Carlsson, 1997, Kolenbrander, 2002, 
Rosan and Lamont, 2000, Marsh, 1999, Newman, 1998, Sbordone, 2003, Socransky and 
Haffajee, 1992, Socransky et al., 1998).  
 
The factors that determine the oral microbiota include environmental factors (temperature, 
oxygen tension, and pH), availability of nutrients (from other bacteria, the host or the diet) and the 
host’s immune response and genetics. Microbial factors such as adherence, retention and co-
aggregation t he  microbial intra- and interspecies interactions, clonal heterogeneity and 
virulence mechanisms create a dynamic and complex ecosystem (Kuramitsu et al., 2007, 
Kolenbrander et al., 2006, Marsh, 2005, Overman, 2000, Rosan and Lamont, 2000, 
Socransky and Haffajee, 2002, Ten carte, 2006, Sissons et al., 2007). 
 
Microbial plaque, in the form of a biofilm is the primary aetiologic agent in CIPD (Listgarten, 
1986). Early studies of experimental gingivitis in man and in animal models confirmed that plaque 
accumulation leads to CIPD, and that plaque control reverses the inflammatory process, an 
important aspect in the treatment of CIPD (Lindhe et al., 1973, Lȍe et al., 1965, Page and 
Schroeder, 1976, Theilade et al., 1966). Plaque quantity rather than quality correlated with disease 
severity (Abdellatif and Burt, 1987, Ramfjord et al., 1968) and CIPD occurred as the result of an 
overgrowth of indigenous plaque microorganisms (Gibbons et al., 1963, Lȍe et al., 1965, Theilade 
et al., 1966). This gave rise to the non-specific plaque hypothesis (NSPH) and assumed that all 
plaque was capable of causing disease (Loesche, 1976). However, the NSPH did not account for 
why certain individuals with plaque and gingivitis did not develop periodontitis while others with 
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minimal plaque were exquisitely sensitive and had little resistance in developing disease. 
Improvements in culture techniques has provided evidence for the association of certain bacterial 
species with disease (Socransky and Haffajee, 1992, Listgarten, 1992) leading to the specific plaque 
hypothesis (SPH), which focused on qualitative changes in the sub-gingival plaque. 
 
However, criteria used in these association studies showed that there was no single pathogen 
isolated that fulfilled the criteria for Koch’s postulates. A specific organism should be isolated in 
pure culture from the disease and produce a similar disease in animals when inoculated with the 
causative organism, and the same organism recovered from the infected animals. Both these 
postulates proved inadequate for CIPD since studies have revealed over 300 bacterial species could 
be cultivated from the oral cavity, many more unable to be cultivated and detected only using 
molecular methods (Dewhirst et al., 2010) which created a problem with animal inoculations. 
 
A compromise proposed by Theilade to accommodate microbial succession from health to disease, 
and to establish the association of specific species with CIPD. Therefore, to initiate disease, a 
potential pathogen colonises a susceptible host in an environment conducive to optimal bacterial 
interactions and expression of virulence properties (Socransky and Haffa jee,  1992). This 
environmental activity results in patterns of bacterial succession favouring the ecological plaque 
hypothesis proposed by Marsh (1991). 
 
The ecological plaque hypothesis was proposed  to explain the change in the balance of the bacterial 
population from a Gram-positive microbiome to one colonized by Gram-negative, motile, anaerobic 
bacteria and that shift was a result of the inflammatory host processes which promoted this shift in 
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the bacterial ecological system. Therefore rather than only targeting periodontopathogens directly, 
correcting the environmental risk factors will be more effective in treatment of CIPD. 
 
Therefore, periodontal disease is seen as an opportunistic endogenous infection brought about by an 
ecological shift in the plaque biofilm from a predominantly Gram-positive, facultative, 
anaerobic, microbiota to  a mot ile,  Gram-negative obligate anaerobic or micro-aerophilic one.  
A host-microbial and microbe-microbe interaction, creates an anaerobic environment which 
favours microbial growth (Konopka, 2006). Any bacterial species may be pathogenic since 
ecological changes in the environment may dictate the pathogenicity and virulence mechanisms 
for that particular organism (Marsh, 1991, Marsh, 1994).  The ecology of the local environment at 
exact locations means destructive PD can be at different stages at different sites with different 
pathogens present. Infections are regarded as mixed infections which makes the application of 
Koch’s postulates difficult (Haffajee and Socransky, 1994). 
 
In the most recent theories, rather than select specific periodontopathogens that initiated CIPD, but 
the synergy between different member or gene combinations within the microbial community help 
each other to produce the disease-provoking microbiota, “the polymicrobial synergy and disbiosis 
(PSD) model” (Hajishengallis and Lamont, 2012). Disease prevention strategy is to interrupt the 
environmental risk factors that are responsible for the ecological shifts, as well as reduction of 
the putative pathogen. However, a “key stone-pathogen hypothesis” postulated where a key 
periodontopathic bacterium, such as Porphyromonas gingivalis, often only present in low-
abundance, initiates remodeling of a normally benign, symbiotic microbiota into a dysbiotic one. 
There is undue influence on the pathogenic potential of the microbiota and as such induces a strong 
inflammatory response in the host (Hajishengallis et al., 2012). 
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Therefore, the current concept regarding aetiology of periodontal disease consists of three main 
factors: a susceptible host, the presence of pathogenic species or a keystone pathogen that foster and 
influence other bacterial species or at least not inhibit the growth (Socransky and Haffajee, 1992, 
Hajishengallis et al., 2012). While these are theories for periodontal disease in humans, they would 
be applicable to periodontal disease in animals. Studies using next generation sequencing have just 
begun in the koala and have shown that the koala oral microbiome composition shares several 
common features of other mammalian species. Variation in koala microbiomes within and between 
individuals: effect of body region and captivity status. There was also evidence of low microbial 
diversity in the oral samples (Alfano et al., 2015). 
 
2.5.2 Periodontal disease in animals 
The most extensive study into oral diseases in animals was by Sir James Frank Colyer (Miles and 
Grigson, 1990) who published his findings and views as a fundamental textbook on dental disease 
in animals (Colyer, 1936)..Since Colyer’s work some 80 years ago, some of the findings still hold 
today, particularly where food compaction and changes from a natural diet are major risk factors for 
CIPD in animals. It typically affects the first, second and third molars (Woodall, 1989, Samuel and 
Woodall, 1988, Lovell, 1990, Burmeister et al., 1984). The mandible is more commonly affected 
than the maxilla in most animals  and the condition is usually bilateral (da Silva et al., 2011). 
 
Naturally-occurring periodontal disease is a feature of most species (Page and Schroeder, 1982, 
Wiebe et al., 2001, Lȍe et al., 1986). When comparing feral to domestic cats periodontitis affected 
61.8% of feral and 81.6% domesticated were affected with periodontitis (Girard et al., 2009). An 
additional finding to the periodontitis showed that 39.5% had bilateral thickening of the mandible, a 
product of new bone growth. Interestingly the feral cats had little occurrence of calculus depositing 
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on teeth. In dogs (Canis lupus familiaris), 63.6% reported to have periodontitis; periapical 
destruction was frequent on the molars and posterior premolars. The incident of gingival 
inflammation, malodour, development of gingivitis/periodontitis increased with ageing (Isogai, 
1999). In another study on dogs, PD conditions have been recorded at very high proportions with 
calculus at 83.3% and periodontitis at 63.6% of the population. In the study periodontitis advanced 
with age, periapical destruction was frequent on the molars and posterior premolars and root 
resorption was at its greatest frequency (43.5%) in the oldest group of dogs and a greater loss of 
attachment occurs on the distal gingiva surface (Hamp et al., 1984).  Several studies have discussed 
the link between the effects of trauma and periodontitis. The results showed that if constant force 
was applied during PD it produced mobility and increased the destruction of the periodontal 
ligaments (Lindhe and Svanberg, 1974, Ericsson, 1986, Ericsson and Lindhe, 1982). 
 
Periodontal disease has been reported in horses (Equus caballus) and donkeys (Equus africanus 
asinus) (Dixon and Dacre, 2005; Chinkangsadarn et al 2015), sheep (Ovis aries) (with broken-
mouth periodontal disease (Laws et al, 1988; McCourtie, 1990; Aitchison and Spence, 1984) and 
cattle (Bos Taurus) (Blobel et al., 1984). Periodontal pockets were identified in 87% of the aged 
sheep (N= 478) (Aitchison and Spence, 1984). Calculus deposits are heavy on the incisors of sheep 
with dark discoloration, chemical analysis has not shown the deposit to be of bacterial origin 
(Cutress and Healy, 1967). Periodontal disease in horses is made worse by excessive strains and 
stresses on the PDL during mastication (Cordes et al., 2012),(du Toit and Dixon, 2011). Age related 
PD in the donkey occurs at the rate of 28% for animals >36 years (du Toit et al., 2009b). Calculus 
develops on donkey cheek teeth in 19.5% of a population, primarily on maxillary teeth, whereas in 
the horse it reportedly occurs in only 3.4% of the population (du Toit et al., 2008).  
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A study of 2,500 wild Deer Mouse (Peromyscus) skulls revealed only 66 animals had PD (Sheppe, 
1965). The primates however are highly susceptible to PD with rates as high as between 57%-
76.4% is wild animals. A large number of fenestrations (481/292) and dehiscences (156/292) were 
present in the skulls with PD, and the maxilla was more prone to instants of PD than the mandible 
(Kakehashi et al., 1962, Stoller et al., 1989, Glick et al., 1979, Robinson, 1979b, Lovell, 1990). 
 
2.5.3 Oral (Periodontal) diseases in Australian mammals  
Lumpy jaw is an oral disease generally affecting captive macropods. It is a necrotizing infection of 
the alveolar bone and soft tissue, also known as necrobacillosis, actinomycosis, nocardiosis and 
chronic alveolar osteomyelitis (Fagan et al., 2005). Lumpy jaw has been known to be prevalent 
during environmental pressure such as drought in wild populations (Tomlinson and Gooding, 1954) 
and is dietary and husbandry related when mildew hay or grass awns from incorrect feed damage 
the gingiva in captive macropods (Schürer, 1980). Food compaction, heavy calculus presence with 
black staining, disturbance to natural occlusion, trauma and vitamin deficiency are thought to be the 
primary predisposing factors to disease occurring (Miller and Beighton, 1979, Samuel, 1983, Fagan 
et al., 2005). Secondary infection of the pulmonary and cerebral systems have been reported 
(Boever and Leathers, 1973).  
 
While the principle infective agent in Australia appears to be Fusobacterium necrophorum, other 
organisms appear to play a role in this disease. Recent work has shown that F. necrophorum sub-
species necrophorum is associated with organisms resembling Porphyromonas gulae in lumpy jaw 
in macropods in South Australian zoos (Antiabong et al., 2013).These Porphyromonas organisms 
distinct from both P. gingivalis and P. gulae have been proposed as a novel species (Mikkelsen et 
al., 2008a). Although lumpy jaw is generally the most reported problem in macropods, periodontal 
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disease has been found in skulls examined in museum collections (Miles and Grigson, 1990).Oral 
diseases gingivitis and periodontitis were report in a range of native Australian animals including 
macropods (Macropodidae), koalas, brushtail possums (Trichosurus vulpecular) and bandicoots 
(Isoodon macrourus) (Mikkelsen et al., 2008b). There have been early reports of periodontitis in 
wallabies (Colyer, 1930). 
 
The tree kangaroo (Dendrolagus matschiei) suffers from dental problems in captivity; gum 
recession, tooth abscesses, subgingival calculus and exposed roots are common. Lyne and Mort 
(1981) noted laboratory raised Northern Brown Bandicoots (Isoodon macrourus) with a diet 
containing mince, eggs, snails and mealworms compared to natural diet primarily containing insects 
had extreme alveoli bone loss with roots visible and in some cases complete tooth loss that was 
described by Miles and Grigson as periodontal disease (Miles and Grigson, 1990). 
 
2.5.4 Oral disease in the Koala   
Reports of investigations into problems within the oral cavity of the koala are very limited. 
Gingivitis and periodontitis was reported in koalas (Bird, 2002) some with severe loss of alveolar 
bone associated with age and conditions such as food impaction and tooth movement (Lee et al., 
2011). The areas found most susceptible to interproximal alveolar bone loss were those adjacent to 
the second and third molars (Figure 2-13), in both the maxilla and mandible. Displaced teeth, prior 
oral injuries, tongue abnormalities, gingival hyperplasia, tooth mobility, black stain, dehiscences, 
and fenestrations were also present (Lee et al., 2011). 
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 Risk factors for periodontal disease 2.6
Risk factors can come in the form of environmental exposure, genetics, disease history, behavioural 
cause, specific determinant such as age, sex and species specific determinants (Anon, 2005). A risk 
factor increases the likelihood of periodontal disease occurring and there can be a different set of 
risk factors for individual components of PD. Some risk factors can be modified such as diet, 
malocclusion, stress and systemic disease. While others like age and sex will continue to be a risk 
factor. Some risk factors are specific to a species.  
 
2.6.1 Food compaction 
Impaction within the interdental spaces and any other crevice by items such as food, dirt, awns, 
bedding and hair is present in free-range and captive species, particularly herbivores (Eckersberg, 
1969, Penzhorn, 1984, Madden and Caton, 1994). The space can either be from trauma like a tooth 
Figure 2-13: Evidence of bone loss in the mandible of the koala 
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fracture, displacement or surface abrasion or can simply be from conformation (Legendre, 2002, 
Cheo et al., 1948, Penzhorn, 1984). PD is regarded as either a predisposing factor or a secondary 
issue (Bourne et al., 2010, Cheo et al., 1948, Madden and Caton, 1994). PD in rodents is regarded 
as secondary to displaced teeth when containing food debris (Legendre, 2002). Periodontitis occurs 
at 16.8% of the population in wild ground squirrels (Sciuridae) with 162 instances of food 
compaction in the 206 periodontal lesions, 70% (N = 422) of the squirrels teeth also had gingivitis 
(Cheo et al., 1948). 
 
In horses incisors and molars taper apically creating an interdental space that fills with vegetation 
(Dixon, 2002). As the teeth wear naturally, the space enlarges, filling with more material. The 
interdental spaces regularly become impacted with vegetation (>50% prevalence, N=357) and have 
been linked to deep periodontal pocketing, weight loss, poor body condition, cheek teeth 
displacement, oral pain and a predisposition to colic (du Toit et al., 2009b, du Toit et al., 2009c). 
Koalas have a similar tapered molar and incisor interdental space. In sheep herbage containing soil 
grit and plant opal-phytoliths can cause attrition, abrasion and vegetation compaction of tooth 
surfaces that creates the ideal environment for oral disease (Glaze et al., 1982, Porter et al., 1970). 
Food packing in Eastern Grey Kangaroo (Macropus giganteus) molar teeth has been found to cause 
high amounts of alveolar bone loss around the necks of the teeth (Miller and Beighton, 1979). 
 
2.6.2 Stress and Systemic Diseases 
There are two definitions of the term stress when referring to dental health. Firstly, there is stress as 
a metabolic response to a condition or situation, secondly stress as a physical reaction on the 
dentition typically from excess pressure or force. Free-range koalas are subjected to stress in the 
environment not only as a natural response but also within the clinical sense after trauma or when in 
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a diseased state. They are known to suffer from a wasting disease termed koala stress syndrome 
(Obendorf, 1983). Whilst many captive animals are subjected to captive stress (Wielebnowski, 
2003), wombats have been identified to be within a state of ‘learned helplessness’ in captivity 
(Hogan et al., 2011). The same may apply to captive koalas. When the dentition is placed under 
abnormal physical force an inflammatory response occurs, this has been shown to result in the 
complete repertoire of periodontal disease conditions (Ericsson, 1986, Ericsson and Lindhe, 1982). 
 
It is widely accepted that the koala has systemic diseases that kill a large number of animals. 
Chronic inflammatory illnesses become factors in oral inflammation that has developed as a part of 
periodontal disease (Beck et al., 2000). This then becomes an issue in trying to identify medically 
where the inflammation is coming from and how it should be managed (Kantarci and van Dyke, 
2005). With the disease chlamydiosis, they quite often develop conjunctivitis and rhinitis, which 
involve the oral apparatus. The inflammatory reaction that would be present in this situation could 
be associated with the initial gingival inflammation linked to PD. Diabetes mellitus, pregnancy, 
stress, chronic use of drugs, leukemia, are risk factors of PD in humans, a similar fate may be in 
koalas. A reverse association where the presence of PD has been shown to be a risk indicator for 
systemic health also occurs (Garcia et al., 2000). 
 
2.6.3 Diet 
Diet has always played a major consideration in dental health. Carnivores need to tear food apart 
which creates abrasion to the tooth surface and places physical stresses on the teeth. In humans and 
in captive animals the lack of oral hygiene plus a poor diet would increase the risk of plaque 
production. In nature, a natural diet would generally include a cleansing process through the 
digestion of a coarse food source. This has also been proven in domestic animals. Cats fed a soft 
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diet had a higher oral health index compared to those fed a dry food diet (Gawor et al., 2006). 
Captive Cheetahs (Acinonyx jubatus) and Elephants (Loxodonta), captive diet has been associated 
with oral decline and subsequent decline in overall health (Bechert et al., 2002). 
 
In wild, free-ranging animals, Samuel and Woodall (1988) found that 20% of the pigs (Sus scrofa) 
examined had severe periodontal disease with no variation between domestic pigs (S.s. domesticus) 
on a soft mash diet and feral pigs (S.scrofa) which consumed a rough fibrous diet. However 
Woodall (1989) suggested that coarse food and vigorous mastication may provide protection against 
periodontal disease in African warthogs (Phacochoerus aethiopicus) when comparing the rate of 
disease to that in the omnivorous wild bush pigs (Potamochoerus porcus). He also suggested that 
the warthog specialized tooth structure that involves some continued growth and repositioning may 
aid in reducing periodontal disease prevalence and severity. In captive animals, a choice in diet is 
limited to that which is provided for them.  
 
The sugar glider (Petaurus breviceps), a small Australian arboreal gliding marsupial, is a very 
popular pet in England and America. However, they frequently develop serious dental problems 
plus obesity, malnutrition and osteodystrophy from improper feeding (Dierenfeld et al., 2006, 
Gamble, 2004, Johnson-Delaney, 2006). The commercial glider food can be a liberal food source 
filled with excess sugar and fat (Booth, 2000). With an increase in feeding pet food products and 
diets high in sucrose or refined starch carious lesions or periodontal disease is on the rise in rabbits 
(Oryctolagus cuniculus), chinchillas (Chinchilla lanigera) and guinea pigs (Cavia 
porcellus)(Crossley, 1995, Vella, 2006, Legendre, 2002). Improper texture in diet has been found to 
cause further oral problems, particularly in older animals who have an extended life in captivity 
(Kitchener and MacDonald, 2005, O'Regan and Kitchener, 2005).  
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Giant pandas (Ailuropoda melanoleuca) have defects in their enamel suspected to be linked to 
either the distemper virus or nutritional defects (Anon, 2014). The captive diet of the giant panda is 
very different to the exclusive bamboo diet in the wild. Captive pandas are fed a diet that is based 
on the nutritional composition of bamboo. However, stunted growth syndrome is a problem in the 
major colonies around the world. An interesting component of this syndrome is the presence of 
excessive dental staining and wear (Ellis and Wildt, 1998). 
 
Early attempts to feed captive koalas alternative food sources were very interesting. Diets of 
biscuits, jam, bread soaked in milk, cow’s milk, milk mixed with eucalyptus oil, and apples soaked 
in eucalyptus oil were some of the dietary attempts (Serventy and Serventy, 1975). Fortunately, 
artificial milk diets and supplements are the only variations to the natural diet now days (Pahl and 
Hume, 1991, Pahl and Hume, 1986). However, artificial milk and supplement diets have shown in 
other species to be potential factors in the increase of periodontal disease cases (Holloway et al., 
1961, Ashley and Naylor, 1970, Harper et al., 1990, Vosburgh et al., 1982). The natural koala diet 
of  leaf material is highly abrasive, which helps in cleansing the mouth. The lack of cleansing when 
consuming paste supplements or artificial milk appears to increase plaque. Supplements are also 
used on aged and infirmed koalas, and in young orphans artificial milk is provided. In these 
instances it has been observed that aged and infirmed are susceptible to abscesses and the young 
commonly suffer from oral thrush. (LMP pers. obs) 
 
2.6.4 Age and Sex 
Advanced age is known to increase the likelihood of having PD. In dogs and cats when controlling 
for age the oral health index still increased in one study (Gawor et al., 2006). In the koala advanced 
tooth wear occurs in older animals, natural abrasion and attrition reduces the stability of the teeth 
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which increases the risk of having bone loss (Lee et al., 2011). Sexual dimorphism occurs in many 
aspects of dentistry. For example cranial, tooth and jaw size sexual variation are seen in many 
species (Alvesalo, 2009). In periodontal disease males tend to show a higher level of severity than 
females (Anon, 2005). 
 
 Oral/Dental Abnormalities  2.7
2.7.1 Trauma 
Physical trauma to the head are known to cause jaw and tooth fractures, misalignment of jaws, 
tongue injuries, mucosa breakages, and trauma that is severe can cause cerebral damage to the 
motor skills involved in operating the oral system (Dixon and Dacre, 2005). The mandibular 
symphysis is susceptible to fractures in the cat and dog with the majority of the fractures secondary 
to trauma (Lantz, 2011). A study of koala road kills showed that 44 of the 75 koalas had head 
injuries. Twenty of these had multiple fractures of the cranium including the mandibles, 12 had 
mandible fractures, six were maxillary fractures (Canfield, 1991). 
In one study on chinchillas (Chinchillidae), 35% of the population was found to have dental 
abnormalities (Crossley, 2001). Common are altered skull shape, elongated incisor tooth crowns, 
abnormal tooth attrition, acquired malocclusions from tooth overgrowth, restricted jaw movements, 
continuous unchecked tooth growth, hooks or spikes on the coronal surface, and facial or jaw 
abscesses (Crossley, 2003, Crossley, 1995, DuPont, 2005, Crossley, 2001). Injuries to the teeth, 
excessive attrition, tooth loss and enamel hypoplasia are common in pet gliders and chinchillas 
(O'Regan and Kitchener, 2005) (Franz-Odendaal, 2004, Hall, 1940).  
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2.7.2 Malocclusion 
Malocclusion is a serious defect that comes in multiple forms from a slight alteration from ‘normal 
occlusion’ to severely disabling forms. The genetic connection between malocclusion has been 
studied in humans but conclusive information is difficult when many factors are involved. In a 
review of the genetics of common dental disorders inbreeding of first cousins in one study showed 
significant malocclusions occurred 3-20% more frequently than in controls. In siblings the same 
review states that 34.8% both had Angle’s Class 1 malocclusion, 22.1% Class 2 and 8.7% Class 3 
(severe) (Niswander, 1975). Many animal findings on genetic issues have usually been discovered 
either on autopsy in free ranging animals or during examination in captive animals (Szuma, 1992). 
 
Malocclusion can come from several of causes. Mainly heredity, congenital development, trauma or 
disease. They can also be defined as either skeletal or dental. Skeletal being from a deformity of the 
bone, dental where the skull is normal but the dentition are in abnormal positions (Verstraete, 
2007). Malocclusions can create serious implications during mastication. The identification of what 
is a malocclusion involves the known implications that can occur. Some slight alterations in the 
position of the dentition or the growth of a jaw can either have a large impact or cause no issue. In 
elephants, malocclusion is suggested to be from malaligned or infected teeth. Abnormal mastication 
resulted in poorly digested food and wasting (Kuntze, 1999). Captive wombats develop tooth 
overgrowth as their dentition is rootless continuous growing teeth. As the dentition progressively 
lengthens the teeth begin to impinge on the tongue and buccal mucosa. Soft tissue lesions develop 
from sharp overgrowths penetrating the flesh and a malocclusion develops (Wilson and Gillett, 
2010, Fagan and Ulrey, 2008). 
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2.7.3 Abnormalities of the Teeth 
In the only study based on koalas no variation in eruption, number of teeth or position of teeth were 
found in 27 skulls (Colyer, 1936). Dentition can develop abnormally or become abnormal through 
trauma or other physical disturbances. Abnormal development ranges from the eruption of 
supernumerary teeth, root form abnormality or abnormal shape, form or position of the clinical 
portion of the teeth. Cases of dental abnormalities are found in most species. Foxes (Canidae) are 
known for loss of dentition, reduced size and shape of molars with gray foxes having twice as many 
anomalies as red foxes (Gisburne and Feldhamer, 2005). In sheep soil grit and plant opal-phytoliths 
have been linked to abnormal incisor wear and a subsequent decline in the quality of sheep. In a 
population of dogs incomplete dentition was present in 51.9% (N =162) (Sorensen et al., 1980). 
 
Structural defects during eruption of the teeth are common in free ranging animals but considered 
more prevalent in captive animals. Resulting in irregular calcification, imperfect enamel 
development, poor tooth growth and periodontal ligament ankyloses and malocclusion (Colyer, 
1930, Miller and Beighton, 1979, Kessler et al., 2009). Giant pandas also report asymmetrical 
dental wear, nutritional defects, lack of root canals and systemic disease related issues (Ellis and 
Wildt, 1998). Raccoons (Procyon lotor) are susceptible to broken or lost teeth. In one free-range 
population 20% of the raccoons had teeth missing (Hungerford et al., 1999). Enamel hypoplasia 
with dark stain and plaque is known to occur in captive Orang-utans (Pongo pygmaeus) (74% of all 
teeth) (Stoller et al., 1989). Broken canines and subsequent abscesses are also found in captive 
orang-utans and gorillas (Gorilla gorilla sp) (Kitchener and MacDonald, 2005). Transverse grooves 
across the incisors and canines have been reported in gorillas and gibbons (Hylobates sp.) 
specimens (Robinson, 1979a). Enamel hypoplasia, supernumerary teeth, dental abrasion, 
mandibular fractures linked to periapical lesions have been noted in cats (Verstraete et al., 1996). 
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2.7.4 Caries 
Caries have been linked to dietary carbohydrates for many years, calculus is also a factor for the 
development of caries (Greene et al., 2005). Caries are usually an infection found in sugar based 
diets or in carnivores where tooth cracks encourage the development of an infection. Bacterial acids 
cause the carious lesions (Greene et al., 2005). In 2,044 marsupials Colyer discovered only three 
cases of caries (Colyer, 1930). The general consensus is that caries are only found in a small 
proportion of wild animals, however in the captive environment caries are a problem (Robinson, 
1979b). Caries in wild raccoons can be found at a rate of 7% (N = 546) of the population 
(Hungerford et al., 1999). Whereas in the captive state they can affect 24.4% of the animals 
(Robinson, 1979b). Caries have been found in lemurs, elephants, and wild marmosets (Robinson, 
1979b, Hershkovitz, 1970, Sauther et al., 2002). They are usually not found in free-range primates 
and bears (Lovell, 1990, Strȍmquist et al., 2009, Kakehashi et al., 1962). 
 
2.7.5 Oral Neoplasia 
Oral tumours have been recorded in the koala at a low rate of around 1% (Hanger and Loader, 
2014). The osteochondromas cause facial distortion and usually involve the maxilla (Ladds, 2009a). 
In dogs the rate is around 5.4% (Verhaert, 1993). In cats 20 different oral neoplasms have been 
recorded with 39% of them malignant (Stebbins et al., 1989). Rabbits also report a low occurrence 
rate (5 cases in 20 years), with the most common neoplasia being low-grade mandibular 
osteosarcoma (Crossley, 2003). 
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 Treatment and Management of Oral Pathologies and Disease 2.8
Dental complaints in some animals can be observed by a number of symptoms such as; not eating, 
drooling, cage biting, obvious swelling, nasal discharge (Verstraete, 2003),, although many species 
show no symptoms (Knightly and Emily, 2003). Preventive oral care, by brushing and mechanical 
cleaning of teeth has been reported to manage gingivitis and periodontitis (Braswell, 1991), 
(Mitchell, 2002), (Lindhe et al., 1975, Lindhe et al., 1973). Dental care procedures such as 
prophylactic cleaning was recommended for Bennett’s (Macropus rufogriseus) and Tammar 
(Macropus eugenii) wallabies (Johnson-Delaney, 2006). In the husbandry of tree kangaroos 
(Dendrolagus sp) supplement feeding of a high fibre apple biscuit markedly decreases dental 
problems (Bush and Montali, 1999). An American study on zoo oral health care found only 10% of 
all zoos participated in annual training of dental treatments and any dental care was provided by 
cross-disciplinary professionals including the keepers themselves (Glatt et al., 2008). Experimental 
dental onlay prosthesis was performed on three captive koalas in the US. The prostheses was 
applied to prevent vegetation accumulation within interdental spaces (Perry et al., 2014). One issue 
with the application was periodic repair or replacement. 
 
In Australia, dental management of native species is limited, with free-ranging and captive species 
having no specific information on oral health care or dental techniques (Jackson et al., 2003). 
Additionally the general veterinarian practitioner requires specialized knowledge of dental disease 
in native species (Robinson, 1986). 
 
 Charting Oral Health 2.9
Dental recording systems have two main objectives: to aid in diagnosis and be a quick and reliable 
recording of a statistical measure of health. This requires accurate details obtained through a chart 
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that expresses the objectives of the chart developer. The information needs to be suitable for future 
requirements and provide highly specific meaning. 
 
Most charts evolve over time to either become more refined or narrowed to be highly specific 
(Marks et al., 1993), although some original designs can stand the rigors of time (Datta, 1997). 
Within a chart, answers can either be a basic yes/no, or have an incremental scale that is numerical 
or nominal ranging between mild to severe. Charts can have descriptive handwritten text although 
this is best avoided due to lack of readable statistical value (Helminen, 1998). 
 
Oral health diagnosis uses clinical questions and answers to detect oral diseases. Some periodontal 
afflictions such as malocclusion are readily diagnosable, although the cause may not be so evident. 
Others such as periodontitis require collective connections between symptoms to ascertain the 
correct diagnosis. Diagnosis can be based on progressive vigilance of an active ongoing periodontal 
issue or, as in many cases, evidence of previous disease presence. 
 
In dentistry, classifying and categorizing periodontal health was originally developed through 
highly critiqued systematic methodology established between 1960-1990 (Barnett et al., 1989, 
Ainamo and Bay, 1975, Ciancio, 1986, Fischman, 1986). The use of ordinal or scale data in an 
index system provides interpretable information for individual symptoms or periodontal conditions 
based on individual patient, gender, age, site, susceptibility and populations. The type of index to be 
used, whether it is scale data or nominal is controlled by previous methods accepted within the 
discipline and the type of question being asked. New methods used in current times are either 
modified versions of previous statistically sound methods or are developed with no statistical 
analysis to verify their validity (Sainsbury et al., 2004, Hungerford et al., 1999). 
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Quality in record keeping in human dentistry has been assessed as low (Morgan, 2001, McFall et 
al., 1988, Helminen, 1998). One of the major issues in human dentistry is the inability of dentists to 
make balanced universally accepted clinical decisions (Morgan, 2001). Thought to be due to an 
overload of clinical indexes available for use (Helminen, 1999). Zoo or Wildlife veterinary dentistry 
has also had similar issues of poor record keeping (Van Foreest, 1993, Coles, 1996). Zoos reported 
as having difficulty in time management when maintaining record quality (Earnhardt et al., 1995, 
Kearney and McDonald, 2004). 
 
Veterinary dentistry today tends to use dental indexes from human dentistry. The West-Hyde and 
Floyd periodontal disease assessment, Lȍe and Silness Gingivitis index (GI), Greene and Volpe 
Calculus index (CI) and the Russell Periodontitis index (PI) are common chart scoring methods that 
cross the veterinary/human dentistry boundaries (West-Hyde and Floyd, 1995, Loe, 1967, Russell, 
1956, Greene et al., 2005, Willis et al., 1999, Volpe et al., 1965, Hungerford et al., 1999). Usage of 
human or companion animal charting may be acceptable but whether it is able to formulate a true 
picture of what is unique to an individual species has not been tested. The recommended dental 
examination policy promoted by the Australian Veterinary Dental Society (AVDS) and the 
American Veterinary Dental College (AVDC) includes criteria and methodology also used in 
human dentistry (AVDS, 2007, AVDC, 2010). 
 
Charts are becoming specific for individual species (Hungerford et al., 1999, Willis et al., 1999, 
Samuel and Woodall, 1988, Woodall, 1989, Gibson et al., 2008). Charting for Red Squirrels 
(Sciurus vulgaris) had modifications included the textual layout containing specific rodent tooth 
type and number for the species (Sainsbury et al., 2004). The examination of the raccoons (Procyon 
lotor) used modified human indices: Gingival index, Calculus index and Attachment loss. Included 
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specifically for the raccoons was a tooth wear index (Hungerford et al., 1999). In discussing oral 
disorders of rodents, charts for free ranging capybaras (Hydrochoerus hydrochaeris) and beavers 
(Castoridae) included two sections listing physical signs associated with oral disease and physical 
findings indicative of oral problems (Legendre, 2002). These lists included body condition, 
decreased food intake, excessive salivation, ocular discharge, trauma, facial swelling, restricted jaw 
movement, food impaction, systemic disease and death. Legendre (2002) also discussed the extreme 
difficulty in performing a full oral examination on many rodent species as the small mouth gape 
obstructs visual and physical assessment of posterior regions. This means that development of 
dental examination resources would have to be adapted to specific suit the anatomy and biology of 
the animal. 
 
When deciding which indexes would be suitable the selection from the World Health Organisation 
plus the American Academy of Periodontology are suitable starting points (Ainamo et al., 1982, 
Anon, 2003). Animal studies also provide measures of describing severity, prevalence and extent of 
periodontal disease. The approach of detection and assessment of oral disease presence and the 
impact environmental and other pressures including systemic disease has on prevalence is one that 
requires forethought and research to provide the koala with a species-specific methodology. 
 
 Conclusions 2.10
This review discussed the oral anatomy of the koala and showed evidence of oral pathologies in 
other species. The research into the oral cavity of the koala currently tells us that similar pathologies 
probably exist in the species. To discover any new oral pathologies this review showed that a 
species-specific chart is the best technique to use in oral examinations of the koala. The research 
findings will assist veterinarians in maintaining captive populations to higher of standards of 
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welfare. It will also provide information that will assist in the conservation and maintenance of free 
ranging koala populations. Examining the presence or lack of disease in the natural environment 
should be seen as the indicator for monitoring and maintaining captive colonies.  
 
The hypotheses of this thesis are that the major oral disease in koalas is periodontal disease and it is 
more prevalent in captive than in wild, free-ranging koalas. In addition, there are a number of 
undescribed dental abnormalities existing among the captives and wild, free-ranging koala 
populations of South East Australia.:  
 
Therefore the aims of investigation within this thesis are: 
1. To determine the current state of investigation into oral health in koalas in South 
East Queensland 
2. To establish the current oral health status using a satellite study group and establish 
the required assessment tools needed for examining a koala for oral health 
3. To create a standardized charting system which details periodontal health, physical 
abnormalities, trauma, other dental pathologies, local disturbances or general malaise 
originating from the oral cavity 
4. To discover the findings of the oral health chart using the index values in a 
population survey of koalas. Age and sex variations will be discussed and the 
average values found will be the standard baseline for future studies 
5. To describe the oral health of the hospitalised free-range koala and the captive koala 
and establish baseline parameters for the koala in South East Queensland 
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6. To classify and develop standard types for reoccurring abnormalities and introduce 
any additional oral abnormalities discovered in the koala and whether they are 
specific to the free-range or captive koala 
 
For this body of work the tooth nomenclature developed by Thomas (1887) will be used 
throughout. The tooth wear class system followed will be Jackson’s interpretation of Gordon’s 
methodology (TWC 1 – TWC 7) (Gordon, 1991, Jackson et al., 2000). 
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: Survey of admission records of koalas admitted to Chapter 3
Moggill Koala Hospital, South East Queensland (1990-2006): 
Charting and Detection of Oral Complaints. 
 
 Abstract 3.1
Chart record keeping requires accurate details so it can be a reliable recording of a statistical 
measure of health. Most charts evolve over time, improved through the material they collect. This 
study examined the health records spanning 17 years from a free-range koala hospital (Moggill 
Koala Hospital, Brisbane, MKH). Overall, 4980 records were reviewed. The research centred on the 
chart development process, examiner performance and recording quality.  
 
Seventeen charts evolved from a single admission chart from 1990. The charts underwent 30 
modifications between 1990 and 2006. Modifications ranged from change in presentation, increase 
or decrease in the number of questions or complete deletion of a chart. Chart usage was performed 
by multiple personnel including volunteers, veterinarians, koala keepers and leaf cutters. The 4,980 
records contained 74,700 fields requiring information. Over the 17 years, 31% (23,332) had no data 
entry. The highest proportion of not recording data over all years was within the General Condition 
field (20%), followed by Cystitis (16%) and Conjunctivitis (15%). The tooth wear class system had 
been altered during the assessed years. Tooth wear classes that originally followed 0 to 10 classes in 
1995 were arranging into a 0 to 18.5 scale in 2005. By 1995, 89% of the chart format was an index 
response question. The indices used were 0/1(absent/present), 0-3 (mild, moderate, severe), 0-10 or 
0-18.5 (tooth wear). Overall the single examiners’ record keeping quality did not change between 
the period of 1995 ( 11.48 ±0.835) and 2005 [( 11.19±1.59); t (198) = 1.62; P>0.01]. There was 
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no significant change in quality of recording performance using multiple examiners [1995  11.30 
±1.24, 2005  11.23 ±1.21; t (198) = 0.40; P>0.01]. 
 
Records containing multiple visitations by koalas resulted in 103 cases (44 females/59 males) being 
retrieved from the records. Collectively the koalas returned to MKH a total 258 times. Seventy-five 
percent of the koalas’ recorded two visits, 17% (18) had three visits whilst the remaining eight 
koalas ranged between four and nine visits. In the revisit charts, 23% of the koala charts did not 
contain all required information. Nineteen koalas on their second visit (period between 4-6mths) did 
not have data on weight, body score, head and body length, fur grade and TWC. Of the records with 
all details 15% (n=244) of the data contained incorrect details. There were 33 cases of multiple 
visits that showed tooth wear class recording as not consistent with the period between visits.  
 
In the population of reviewed koalas, 19% were identified with having an orally related notation 
within their record. There were 4,311 words with a total frequency of 30,617 for all years 
combined. Out of this search, 144 words (plus their plural forms) were selected for further analysis 
into whether they were relevant to the oral cavity. Typical diagnosis data amounted to ‘mouth 
infection, released’, ‘gum disease, released’, ‘possible fracture between lower incisors’ or ‘swollen 
lymphatic nodes, lower mandible and neck, severe infection’. The terms lip cancer or sarcomas 
were found in 34 of the oral cases. Periodontal disease symptoms signs were as recorded as ‘gum 
disease’ in 125 animals with an additional 307 cases of ‘mouth infections’. Vegetation compaction 
in the cheek pouches and between the teeth was mentioned in 15 koalas. Advanced age shown by 
tooth wear only came into usage in 2000. By 2003, tooth wear and the resulting inability to eat was 
a noted in autopsy reports as a death causing factor in 60 cases. One assessment recorded in a 
female adult that ‘lumpy jaw’ was present. Oral cavity trauma was discovered after dog attacks, 
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however further diagnostic assessment was not detailed. Fractures, old trauma and new were 
present in 49% of the total records and represented 2450 cases. A total of 1624 of the fractures were 
recorded as old fractures  
 
Based on the information discovered in this study it was evident that the current koala charting does 
not have the capacity to reveal novel medical conditions outside those well known to the koala. 
Additionally, early reporting was haphazard and only improved when index style answers were 
implemented. These indexes are the same as those used in dentistry. The historical records of MKH 
did show that orally related complaints were present in the koala and particularly those caused by 
trauma. The text in the charting records demonstrated that improved wording and koala specific 
detail was needed, and a new chart for this required developed. 
 
 Introduction 3.2
Health data recording are used to aid in dental diagnosis. A successful chart must be quick to in 
enter details but also be reliable. Veterinary dentistry uses dental indexes from human dentistry. The 
West-Hyde and Floyd periodontal disease, Lȍe and Silness Gingivitis index (GI), Greene and Volpe 
Calculus index (CI) and the Russell Periodontitis index (PI) are common chart scoring methods that 
cross the veterinary/human dentistry boundaries (West-Hyde and Floyd, 1995, Loe, 1967, Russell, 
1956, Greene et al., 2005, Willis et al., 1999, Volpe et al., 1965, Hungerford et al., 1999). Charts are 
also becoming specific for individual species (Hungerford et al., 1999, Willis et al., 1999, Samuel 
and Woodall, 1988, Woodall, 1989, Gibson et al., 2008). 
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Issues in veterinary dentistry have been reported and primarily are caused by the general 
veterinarian being required to perform intricate surgery without specialist skills (Van Foreest, 1993, 
Coles, 1996). Zoos also have difficulty in maintaining record quality (Earnhardt et al., 1995, 
Kearney and McDonald, 2004). To prevent quality issues from entering into the newly developed 
chart, initially the requirements specifically for koalas needs to be established. To do this a look into 
the history of koala charting will be required. From there any orally related information will be the 
starting point into the development phase of designing the structure of the new oral health chart. 
The outcome from developing a new chart specific for koalas will be to improve the quality of 
record keeping and oral health of koalas. 
 
Orphaned, sick or injured koalas have been admitted to the Moggill Koala Hospital, South East 
Queensland, Australia for the past 26 years. The records from this hospital plus the koala intake 
provided the data  for oral health on free-ranging koalas for this part of the thesis. 
 
3.2.1 The Moggill Koala Hospital  
The Moggill Koala Hospital (MKH), Queensland Government, Department of Environment and 
Heritage Protection (EHP) has operated since 1989 for the assessment of injured or orphaned koalas 
primarily within the Greater Brisbane region. The koala hospital has a strong volunteer network and 
members of the public are trained by Moggill personnel in the care and treatment of the koalas 
(McKinnon, 2004). Their primary role is raising orphans, cleaning, feeding and providing daily 
therapy (Kraschnefski, 2000). Department employees provide veterinarian assessment and 
treatment, vegetation collection and facility maintenance (McKinnon, 2002). Trialling new 
veterinarian therapies, public relations and collaborations with researchers and similar Australian 
facilities are also ongoing functions of the staff (McKinnon, 2002, Lee et al., 2011, Pettett et al., 
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2012). Animals brought to the facility are diagnosed, treated and maintained after sustaining injury, 
disease or orphan status. The facility works in conjunction with the Daisy Hill Koala Centre (EHP), 
which operates a crèche for orphans and acts as a collection centre for rescued koalas. 
 
On an average 1,000 koalas enter MKH annually and the records kept by the staff are based on 
disease, ecology, trauma, husbandry and community sightings data (Preece, 2000). Therefore, the 
records will provide an historical perspective of the detection of oral complaints in free ranging 
koalas in South East Queensland from 1990 to 2006. The records will also show the accepted 
method of data collection and the personnel involved in the reporting process. 
 
 Materials and Methods 3.3
3.3.1 Data Preparation 
 Record Selection 3.3.1.1
MKH records from 1989 to 2006 generally ranged between two and eight sheets of recorded 
information per koala. Due to low numbers in 1989 and 1990, these two years were combined and 
will be discussed in this report as being data from 1990. This was decided after examination showed 
there was no variation in style or recording format for both these years. A random selection of 
records was conducted by turning twenty individual pages within the record books and then the 
following twenty completed records were selected for analysis. The random selection method 
applied retrieved 4,980 records in total. Variations in the number of records and the number of 
sheets contained in individual case files resulted in tallies for each year being in itself highly 
variable (Table 3-1). Approval of the study was obtained from the University of Queensland 
Animal Ethics Committee (AEC No: DENT/618/UQJRS). 
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3.3.2 Analytical Methods 
 Chart Development and Modification Process 3.3.2.1
Charts were collated into a series of versions placed by year and chart version. All questions were 
also collated into a spreadsheet based on whether it was general information, diagnostic query, 
treatment information, husbandry criteria. During the above collation processes, frequencies of no 
responses to questions were entered into a spreadsheet and descriptive statistics drawn from the 
material. 
 
 Examiner Performance and Recording Quality 3.3.2.2
To examine the consistency and quality of record keeping, 200 records produced by the same 
examiner and 200 by six different examiners during the years 1995 to 2005 were analysed. Thirteen 
chart fields from clinical and personal details sections were examined for presence or absence of 
required information. The selected fields were sex, age, name, area, admission cause, weight, body 
score, tooth wear class, body length, head length, fur grade, general condition, comments. 
Table 3-1: Frequencies of koala records selected from each year of record collection 
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To further assess chart quality a separate search of the records was performed on animals that had 
multiple visits to Moggill Koala Hospital between 1998 and 2006. The koala hospital inserts 
microchips and tag all koalas released after treatment and this is noted on the record sheet. This 
enables examiners to identify cases of repeated admissions. The logbook records of these cases 
were examined and the information documented. The records were sorted based on each individual 
koala and entered into a spreadsheet based on visit date, cause, outcome, time between visits, 
number of visits, number of chart information omissions and anatomical details. 
 
 Oral cavity diagnostic entries 3.3.2.3
For the discovery of any reference to oral cavity, material not within the rigid format 
question/answer sections on each admission or husbandry record had to be examined. This was 
required as there were no position for entry of oral complaints in the record structure. Additionally, 
as there was no dental section on any chart, a novel approach of identifying orally related cases 
through head injury was initiated. 
 
Notes written on each record from 1989 to 2006 were screened for words relating to the oral cavity. 
All daily records, admission charts or post mortem charts were entered into NVivo. Conjunctive 
terms (e.g. and, as, or, with, to, is) were cleaned from the text. The program was set using Boolean 
parameters to ignore specific information regarding the presence of chlamydiosis terms. A general 
search using NVivo producing terms and frequencies retrieved 4,311 words with a total frequency 
of 30,617 for all years combined. Out of this search, 144 words (plus their plural forms) were 
selected for further analysis into whether they were relevant to the oral cavity. 
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Relevance was initially considered as widespread in terminology with words ranging from front, 
bleeding, bottom and suspect to generally well known terms like skull, tooth and incisors. Symptom 
terms (e.g. swelling, inflammation) were also within the relevant search terms identified. Further 
Boolean screening removed individual charts that were not related to oral health or trauma e.g. the 
term ‘gum’ could refer to the gingiva or eucalyptus, chip could refer to chipped tooth or microchip. 
This screening identified 105 of the 144 words were specifically related to information on 
observations, treatments or outcomes to the oral cavity or head region. 
 
 Advancement in cranial and oral diagnoses  3.3.2.4
Examining quality of the veterinary therapy gives a view to the value of the historical information 
while also seeing whether awareness of injury to the head, which would affect the oral cavity, has 
improved. Initially all fracture cases were separated into region or bone. Following this to review 
advances in clinical diagnosis and treatment over time cranial damage was analysed. The outcomes 
of 160 head injury cases were extracted from the records. Eighty koalas were selected from the 
charts between 1990 and 1992. Another 80 were selected from the charts between 2004 and 2006. 
Criteria for selecting head injury cases were based on language used to describe the injury. Cases 
with the terms: fracture, smashed face, severe head injury, crushed skull, broken jaw, bleeding in 
the ear, injured nose cone, concussion, stunned, or brain damage met the criteria for inclusion. In 
the cases where the terms fracture, concussion or stunned occurred further evidence of head injury 
was required before inclusion. The head injury cases were placed into four categories. Dead on 
arrival (DOA), euthanized in captivity, released after admission or treatment and cases where the 
outcome of the head injury were not documented (NR-not recorded). 
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3.3.3 Data Analysis 
The selected koala records were photographed and the images converted into editable text through 
optical character recognition (OCR) software (Microsoft, USA) and saved as rich text format 
(RTF). The RTF files were then imported into NVivo (QRS International, USA) for analysis. 
Additional individual case records such as maps, x-rays or pathology reports were also 
photographed and entered into NVivo and connected to the individual koala admission file. The 
files were coded in NVivo under year and assigned classifications to indicate the type of document: 
autopsy report, daily care record, admission form or other (map, x-ray). The terms chart, case, 
report and animal are defined as; a report or case is a complete file that consists of a variable 
number of charts per animal (koala). 
 
Information on the formatting style was entered into a spreadsheet based on frequencies. Frequency 
statistics were performed in NVivo and data that was entered into spreadsheets were analysed using 
SPSS V17.0 (SPSS Inc., USA). Basic univariate statistics were obtained for chart quality, word 
searches, repeat visit occurrences and oral cavity incidences. Qualitative analysis of chart types, 
versions and sentence structure of oral cavity incidences were qualitatively and quantitatively 
assessed through examining layout, number of handwritten answers, number of check box answers 
and information retrieved from each chart. Overall chart quality data obtained from the single 
examiner and six multiple examiners were analysed using students T-tests (significance value of P ≤ 
0.05). Information from the individual charts was entered into spreadsheets for analysis. To 
examine the prevalence of orally related problems all records with the term fracture were collated 
and categorized into skeletal region or bone. 
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 Results  3.4
3.4.1 Profile of a Koala Examination Record 
Seventeen charts evolved from a single admission chart from 1990. The charts underwent 30 
modifications between 1990 and 2006 (Figure 3.1 and Table 3.2). Modifications ranged from 
change in presentation, increase or decrease in the number of questions or complete deletion of a 
chart. The major modifications are shown in Figure 3-1. All charts required completion of multiple 
choice questions, short answer responses or index graded answers. In 1990, charts contained 
behaviour, diet, psychological profile plus admission cause and treatment. By 2002, charting 
became more rigid with anatomical data, disease profile, exact origin and index or nominal data.  
 
This latter type of presentation of questions was standardized on the diagnostic charts by 2006. The 
major chart called the Moggill Koala Hospital Admission Sheet has general history of animal (age, 
Figure 3-1: Timeline of chart modifications towards a better charting system 
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sex, body length, name), ecological information of origin, chlamydia status with a breakdown of 
symptoms, motor vehicle or dog attack. Charting were performed by multiple personnel including 
volunteers, veterinarians, koala keepers and leaf cutters. 
 
3.4.2 Chart Quality and Examiner Performance 
 Quality of General Record Keeping 3.4.2.1
The 4,980 records contained 74,700 fields requiring information. Over the 17 years, 31% (23,332 
fields) had no data entry. The highest proportion of not recording data over all years was within the 
General Condition field (20%), followed by Cystitis (16%) and Conjunctivitis (15%). The category 
that showed the highest input of information was sex (99% input) with 6 years registering 100% 
inputting of data. Six other categories (weight, body score, TWC, head length, body length, fur 
grade) showed a consistent pattern of recording for 12 years from 1995 with an average 18 not 
recorded entries per year (Table 3-3). General Condition, Conjunctivitis, Cystitis, Name, Area and 
Cause for the same period averaged 287 not recorded entries per year. The tooth wear class method 
Table 3-2: The various charts used throughout the 17 years of charting 
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used for aging koalas was altered during the assessed years. Tooth wear classes that originally 
followed 0 to 10 classes in 1995 were arranging into a 0 to 18.5 scale in 2005. 
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In 1990, 68% of the 15 fields in that year were not completed. This trend peaked in 1991 when 81% 
of the fields did not contain all of the required information. By 1992, entry into the charts had 
improved exponentially (Figure 3-2). The improvement in written entries continued through to 2004 
when only 18% of the 4050 fields reviewed had omissions. Another peak of poor record keeping 
followed in 2005 (28%) followed by an improvement by 2006 of only 22% failure of entering 
required information. In 1995 89% and in 2005 93% of the chart format was an index response 
question. The indices used were 0/1(absent/present), 0-3 (mild, moderate, severe), 0-10 or 0-18.5 
(tooth wear). 
 
 
 
 
 
Figure 3-2: Proportional changes of not recording information throughout the years 
 (N = 70050) 
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Overall the single examiners’ record keeping quality did not change between the period of 1995 (x¯ 
11.48 ±0.835) and 2005 [(  x¯ 11.19±1.59); t (198) = 1.62; P>0.01]. There was no significant change 
in quality of recording performance using multiple examiners [1995 x¯ 11.30 ±1.24, 2005  x¯ 11.23 
±1.21; t (198) = 0.40; P>0.01]. 
 
 Quality of Individual Records over Time  3.4.2.2
Records containing multiple visitations by koalas resulted in 103 cases (44 females/59 males) being 
retrieved from the records. Collectively the koalas that returned to MKH recorded 258 visits. 
Seventy-five percent of the koalas’ recorded two visits, 17% (18) had three visits whilst the 
remaining eight koalas ranged between four and nine visits. The period between revisits ranged 
between one day and six years, between revisits the highest frequency of time spent back in the wild 
was between 6 and 12 months (n = 63), and by koalas returning between 1 day and 6 months (n = 
29) (Figure 3-3). Sixteen visits were invalid as record dates were not accurate transcribed. The 
period of returned to the wild of the remaining 47 revisits ranged between just over 1 year and up to 
6.5 years. Thirty-two koalas recorded a different cause for admission at each new visit. Nine records 
did not contain a cause of incident for the animal. Discoveries of previously healed injures were 
found in six animals with old injuries to the eyes, previous fractures to the radius and femur 
identified. Young animals 0-1 year were re-admissions with mother. 
 
In the revisit record charts, 23% of the koala charts did not contain all required information. 
Nineteen koalas on their second visit (period between 4-6mths) did not have data on weight, body 
score, head and body length, fur grade and TWC. Of the records with all details 15% (n=244) of the 
data contained incorrect details. There were 33 cases representing 32% of the records of multiple 
visits that showed tooth wear class recording (Table 3-4) were not consistent with the period 
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between visits. There was a mild fluctuation in some cases such as koala No. 84 where on the first 
visit is classed as TWC 1, twenty days later it is TW 2 and on the third visit back to TW 1. At the 
extreme level of variation is No. 16, 42, 63, and 41 where animals are initially classed as young and 
on the second visit within a short period are classed as adult or old. 
 
 
 
 
 
 
 
 
Figure 3-3: 103 koalas re-visited the hospital between timeframes that ranged from 1 
day to 6.5 years  (N = 258) 
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Table 3-4: Tooth Wear Class Discrepancies in Records of Repeat Visit Patients (n = 33) 
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3.4.3 Oral Cavity Entries and Quality of Recorded Information 
In the population of reviewed koalas, 19% were identified with having an orally related notation 
within their record. The initial oral term search of the 4980 koala records showed 1544 entries 
(Table 3-5). The daily monitoring charts by carers provided information on oral problems such as 
‘broken tooth at front, but eating well’ and further on ‘grinding teeth nice and loud, only feeding on 
left side’ in 261 cases. Whereas follow up information or information on treatments or orally related 
issues were only found in three cases. The admission and post mortem reports showed limited 
details on any investigations. Typical diagnosis data amounted to ‘mouth infection, released’, ‘gum 
disease, released’, ‘possible fracture between lower incisors’ or ‘swollen lymphatic nodes, lower 
mandible and neck, severe infection’. The terms lip cancer or sarcomas were found in 34 of the oral 
cases. 
 
The terms upper, lower, top and bottom were early descriptors of the jaws (Table 3-6). It was not 
until 1998 that the dental term mandible came into usage with 114 records from 1998 to 2006 
recording this word. The term maxilla was not present in any records. There were single incidences 
recording lower lip stripped from lower jaw and fracture top incisors. Mouth infection was 
identified in 307 cases with ‘mouth infection’, ‘smashed incisors causing infection in top jaw’ and 
‘infection in lower jaw’ as the description. In all cases of oral infection, no recorded information of 
treatment was noted. In 1990, references to the term ‘gum’ signified type of eucalyptus consumed. 
Whereas, in 1998 ‘gum’ referred to the gingiva. ‘Gum disease’ was present in 125 koalas, no 
information on treatment, disease signs or definition of this term was present in the records. ‘Ulcers 
to top and bottom lips’ and ‘mouth ulcer’ recorded 227 incidences. Extensive pathology into 
ulcerations of the tongue and lips of a suspected fungi infection was instigated in one case. The 
pathology could not determine the infective agent. Vegetation compaction in the cheek pouches and 
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between the teeth was mentioned in 15 koalas. Advanced age shown by tooth wear only came into 
usage in 2000. By 2003, tooth wear and the resulting inability to eat was a noted in autopsy reports 
as a death causing factor in 60 cases. One assessment recorded in a female adult that ‘lumpy jaw’ 
was present. No other information was noted on the chart as to the symptoms or observations of this 
disease. The terms ‘tooth’ and ‘teeth’ were entered in 295 records. Information relating to the teeth 
was written as ‘smashed teeth’, ‘lost teeth’, ‘rotten teeth’, ‘check tooth daily’ and ‘broken tooth’.  
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Fractures were well represented in the data. Sixteen thousand and twenty-four of the fractures were 
recorded as old fractures. Koalas did report new and old fractures within the same record. Fractures 
to the cranial region accounted for 60% of the fracture cases (Table 3-7). Within the fracture cases, 
records were 208 koalas identified as tree fall incidences. This represented 32% of the total tree fall 
cases in the records for the 17 years. The fractures in this group were to the cranium, jaws and nose 
cone. These koalas also reported to have ruptured lungs (114) and kidneys (45), bruised livers (79) 
and brain damage (91). Tree fall injuries were sustained by higher number of sub-adults and adults 
(46%) than young (21%) or advanced aged koalas (33%). Fractures to the teeth and jaws totalled 
954 over 17 years of records, the recorded information was incomplete therefore extent and actual 
location of the fractures could not be determined. 
 
Table 3-6: Nvivo selected Oral Terms and their typical usage in the koala records 
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The total head injury euthanasia case outcomes in the 160 koalas increased by 23% between 1990 
and 2006, as shown in Figure 3-4. The overall deaths before admission had doubled by 2004. Head 
injury cases from 1990-92 showed that there was a higher rate of released animals (32%) with head 
injuries than those euthanased (11%). Whereas, in the 2004-06 group the opposite occurred, with 
releases declining and euthanasia increasing. The outcome was ‘not recorded’ for 24 of the 80 head 
injury cases in the early records. During 2004 to 2006 recording had increased by 20%. Half of the 
80 head injury cases received were dead on arrival (49%) in the 2004-06 group, which was a 23% 
increase in DOA’s compared to the 1990 group. 
 
 
 
 
Table 3-7: Fracture Frequencies were present in 49% for all records 
representing 2450 cases 
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 Discussion 3.5
Results of this study showed oral complaints were present and an index system similar to that used 
in dentistry was present in the charting. Detailed information on oral complaints were limited but 
this was not due to small numbers of animals with a complaint, rather the records were limited in 
exact diagnostic information. Lack of detail in the records prevents conclusive results to be drawn 
from the data. A single incidence of ‘lumpy jaw’ was recorded. This disease is normally associated 
with macropods and has not been reported in the literature to be present in the koala. Oral thrush 
has been identified as associated with artificial diet in the koala (Dickens, 1976). MKH record 
notations of mouth infections could have possibly been occurrences of thrush or periodontal 
disease. Tongue infections and jaw carcinomas were identified by examiners and oral tumours are 
known at low frequency in the koala (Canfield et al., 1987b). Periodontal disease symptoms were 
recorded as ‘gum disease’ in 125 animals with an additional 307 cases of ‘mouth infections’. There 
Figure 3-4: Head Injury Outcomes 1990-02 and 2004-06 (n = 160) 
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were cases of close observations. Cases of leaf packing and rotten leaf in molars show close 
inspection has occurred. 
 
Evidence of trends or changes in disease status, environmental status and identifying emerging 
diseases is valued as an important outcome from animal record systems (Hall et al., 1980). If quality 
of the data is not ensured, the future importance of the data as a collection may reduce its value to 
only generic information analysis. Yet as detailed within this study, a native animal recording 
system can hold a diverse range of potentially analytical data. Record keeping requires accurate 
details so the information is useful in the future. MKH charts use different methods of grading 
severity. In some instances grading is done using written text (poor, good, excellent), grading is also 
as 0 = absent/1 = present and the 0-3 index grades. If an answer was ‘yes’ on a chart some questions 
required further handwritten detail. In this study, handwritten detail within the answers was poor in 
quality. Moggill records in the case of 0/1 answers generally showed no responses to ‘0’scores. An 
omission in this case will not conclusively know whether to be either noting 'absence of disease 
sign' or whether it is an omission by error. This makes for poor retrospective data (McFall et al., 
1988). This then creates the issue where ‘healthy’ parameters are not being identified to produce 
reference data which is critical to any health monitoring database (Bennett et al., 1991). Examiners 
became relaxed when having to re-enter data over multiple forms. In examining zoological database 
quality incomplete or incorrect data at a rate of >33% was identified in the ISIS parental records 
(Earnhardt et al., 1995). Rates between 16 and 80% have been reported in dental records (Morgan, 
2001). The rate in this study was found to be 31%. It is thought that rates between 10 and > 40% in 
any system reduces  the ability for any quantitative analyses to be accurately performed (Earnhardt 
et al., 1995). Hall et al (1980) identified three main areas in which accuracy in data collection can 
be incorrect: diagnostic errors, incorrect recording of information and poor evidence based 
information recorded.  Diagnostic errors were evident in the records in the revisit records. Poor 
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evidence based information was not detected but incorrect recording in the form of omissions was 
evident throughout the record system. 
 
Errors within the Moggill records were in the revisitation data, where cases of a koala being 
readmitted within days recorded an increased tooth wear class by several years. This identifies that 
not only are previous records not being examined at the time of revisit but there is also examiner 
error. In five cases, change in TWC possibly came from the animal having an oral cavity anomaly 
that caused increased wear beyond normal limits for the period between visits. In addition to this, it 
was evident that with each new visit less repeat information like name and sex were recorded. Other 
information when entered (head length, body length and weight) were all within normal ranges for 
the period between visits. 
 
The methodology of ageing koalas created another problem. The tooth wear classes created another 
problem within the data. Initially the procedure of age classing followed Gordon (1991) where 
koalas are placed into ten tooth wear classes based on the attrition of the right maxillary molariform 
teeth. The method of tooth wear classing was discussed in the literature review in Chapter 2. 
Moggill staff included the tooth wear class 0 in the year 2000 bringing the number of classes to 
eleven. This addition was to identify natal young. During changes to post mortem reporting around 
the year 2005, tooth wear class categories were changed to become 0 to 18.5. These changes divide 
the historical data into two versions 1) original ageing method and 2) modified ageing method, 
making analyse by TWC difficult. Additionally evident within the revisitation material were cases 
of identifying animals by terming them as of ‘advanced’ or ‘old’ age. Once grouped as old it 
appeared that any extra diagnostic or post mortem information was regarded as not required. This 
reduces the value of the records. 
 91 
 
3Motor vehicle injuries, tree fall and dog attack trauma are regarded by some as being only second 
to environment loss as the major factor in koala mortality (Pahl et al., 1990, Canfield, 1990, Gordon 
et al., 1990b, Reed et al., 1990). It has also been found that koalas involved in motor vehicles 
incidences are usually not diseased  (Canfield, 1991, Reed et al., 1990), but many succumb to death 
through stress in captivity during their traumatic state (Obendorf, 1983). Disease is usually a factor 
in dog attack cases and many die from a combination of poor systemic health and dog bite infection 
(Canfield, 1990). In examining the fractures caused through motor vehicles, it was identified that 
the upper torso was the most frequent region of injury. Canfield (1991) in a study of motor vehicles 
trauma found 59% of the koalas in a population of 75 had head injuries. Twenty had multiple 
fractures to the cranium and face with brain damage. Forty-two percent had mandibular fractures 
whilst six koalas had maxilla and nose cone damage. Weigler (1987) estimated the mortality rate of 
traumatic injuries through motor vehicle and tree fall incidences was around 60% and commonly 
involved adult koalas. In this study, adult koalas represented the highest group of head injury cases 
and 60% (2,450) of the fracture cases involved the cranium. There were 2,324 records in the ‘cause’ 
category, this would indicate that the number of vehicle and tree injuries would be higher than the 
proportion presented here. Thirteen percent of the reviewed records contained tree fall incidences. 
Adults TWC 4 to TWC 6 accounted for the highest number of fall incidences. Oral cavity trauma 
was discovered after dog attacks, however further diagnostic assessment was not detailed, which 
may seem insignificant, unless the systemic risk of canine bacterial infection is considered (Talan et 
al., 1999). The bite mark may be from the dog or the koala and assessment of bite mark origin is 
simple (Murmann et al., 2006), and would provide new data and community information on the 
trauma associated with poor pet management. 
 
It was found in this study that the release of animals in 1990-92 with severe injuries was a common 
occurrence. Orthopaedic surgery on koalas was not recommended at the time, as the impact of such 
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aggressive intervention was regarded as detrimental to the wellbeing and outcome of patients 
(Carrick et al., 1990a). The decline in head injury cases released by 2006 suggests that more 
thought into the reduced survival in the wild had been implemented. Additionally, through 
analysing outcomes in this report it was evident that an increased intake of koalas classed as ‘dead 
on arrival’ occurred by 2006. These two changes are probably due to the QPWS euthanasia policy 
being closely enacted (Williams, 2006), plus the QPWS public education on the importance of 
reporting koala sightings, injuries and abnormal circumstances. The effect of this is improved data 
of koala deaths throughout the Greater Brisbane area, which has been previously suggested to be 
under estimated due to the number of dead animals not reported (Thompson, 2001). 
 
Information from the databases held by QPWS has provided vital knowledge on the status of the 
koala in South East Queensland (Dique et al., 2003, Nattrass and Fielder, 1990). Examples of this 
were evident in the chart modifications. The later versions of the admission chart grouped regional 
areas into specific zones which provided longitudinal data that can be compared with field research 
on population densities in the same zone (Dique et al., 2003, EPA, 2007). This modification shows 
alterations in charting that flow and change with foresight. Data collected on speed and injuries 
associated with motor vehicle incidences from MKH records also provided support for speed zone 
trials (Dique et al., 2003). The records also collate regular updates on death causes and mortality 
rates through publicly available newsletters that began in 2002 (McKinnon, 2002). 
 
The volunteer network within the Moggill Hospital has been recognised as providing an integral 
role in the success of continued koala rehabilitation (Grabowski and Nattrass, 1998). Observational 
data, mainly from the koala carers, contained many oral observations in this study. Signs such as 
banging head on cage, not eating well, rotten teeth, or broken tooth are indicators of both distress 
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and traumatic events. In the San Diego Zoo Giant Panda exhibit it was found that unique and 
valuable comments came from a wide range of unusual sources such as gardeners, office staff, 
volunteers as well as the veterinarians (Hare et al., 2003). Detailed behavioural information has 
been found to be an important part of captive management programs(Fleming and Burn, 2014) and 
contributes to the modification and improvements to a charting system and to improving outcomes 
(Miller and Block, 2004). Observational indicator use is not a new method and is regularly 
practiced in veterinary dentistry for domesticated and exotic animals (Sikarskie, 1992),(Burrows 
and Harvey, 1985, Wiggs, 2003). 
 
Native animal record collection systems should be able to collect information external to currently 
known disease aspects of a species. In this regard, the current collection system for koalas at MKH 
does not fully allow trends to appear. The ability to detect the possibility of new emerging patterns 
of disease is limited. Stagnation and highly selective reporting in the charting of motor vehicle 
incidences, dog attack and chlamydial disease signs as found within the MKH record system does 
pose a risk of preventing new threats emerging. Disease has been the primary target of data 
collection at MKH since commencement of the records but it has singularly focused on chlamydia, 
which is a historically accepted disease (Weigler et al., 1987). Physically screening the comments 
and autopsy diagnoses is the only avenue for detection of new or novel diseases or physiological 
problems. 
 
Further thorough and accurate investigations into the exact nature of physical oral cavity injury 
through head trauma would assist in the treatment of koalas that are recovering, provide more 
influential data on motor vehicle and dog attacks cases and improve the final considerations 
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regarding the ecological viability of trauma patients being released. It is clear that oral cavity 
trauma is an important dental problem that requires extensive attention in the future. 
 
The MKH charts did show evidence of other oral health issues present. In particular, cases of 
previous oral injury and carcinomas were identified. Previous trauma in other free ranging species 
has led to alveolar bone loss, caries and oral cavity deformities including tooth loss and mechanical 
disruption (Sone et al., 2004, Smith et al., 1977), and bone loss has already been detected in the 
koala (Lee et al., 2011). 
 
Providing a sentinel watch on alterations in the overall health of koalas could not only prevent a 
catastrophic event occurring such as seen in the Tasmanian devil (Sarcophilus laniarius) (Loh et al., 
2005, McGlashan et al., 2006), but would also further increase the current knowledge of the species.  
Oral health is an important part of the biology fitness as a reproductively valuable component of a 
population. To assess oral health thoroughly a separate charting system has shown to be a 
requirement. The current koala health charting system does not have the capacity to incorporate the 
required queries on oral health status,   as it was identified that prevalence and severity of disease in 
populations can vary widely simply from the use of different measures of disease in research studies 
(Kingman and Albandar, 2002). The form of diagnostically recording the degree of severity used in 
the koala records (0-3 index) is commonly used in dentistry (Ciancio, 1986, Mandel, 1974). 
Development of an oral health charting method applying the same principles would allow 
connectivity between the data of an oral health record and koala general health data. 
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:The Development of an Oral Health Charting System for Chapter 4
Koalas (Phascolarctos cinereus) 
 
Published as:  
The development of an oral health charting system for Koalas (Phascolarctos cinereus). Pettett LM, 
McKinnon AJ, Wilson GJ, Carrick FN, Sly LI, Bird PS. J Vet Dent. 2012 Winter; 29(4):232-41. 
 
 Abstract 4.1
The koala is one of Australia's most highly specialised folivores with a diet exclusively of 
eucalyptus leaves to provide all nutritive needs and therefore requires to be free of oral disease as 
they are dependent on good dentition for optimal health and quality of life. We developed an oral 
examination methodology based on protocols for companion animals and human dentistry to chart 
the oral health of koalas. Thirty free-ranging koalas from South East Queensland, Australia were 
examined for general body and oral health. Inspection of the oral cavity was conducted for the 
presence or absence of the indicators of oral disease such as caries or periodontal diseases. 
Univariate and multivariate analyses were performed on the examination data and a prototype oral 
health chart developed. The prototype was then trialed and the methodology validated by the Kappa 
statistic using ten additional koalas examined by four multidisciplinary personnel involved in koala 
care. Trauma associated fractures, tooth displacement, abnormal occlusion and tooth wear, 
compacted vegetation; extrinsic stain deposits, periodontal bone loss, gingivitis, tooth mobility, and 
calculus were present in the oral cavities of the examined koalas. A system of scoring between 0 
and 3 was constructed in accordance with current koala general health charting formats. Validation 
of the charting method using Kappa coefficients of agreement statistics indicated that there was a 
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good agreement among observers on recorded results except for inflammation and calculus scoring. 
Modifications were made and visual aids and index scales produced to further assist observers. Oral 
health surveillance has been proven in other species to be significant in diagnosing physiological 
disturbances derived from environmental, genetic, and developmental causes. Veterinarians, dental 
researchers, and koala husbandry personnel will benefit in using this charting method and reporting 
the oral health of koala populations in their future findings. This unique form of oral health 
monitoring would be adaptable to other mammals. 
 
 Introduction 4.2
Standardised oral health assessment techniques have been used for years in domesticated and 
companion animal veterinary care (Coles, 1996). In veterinary dentistry the term ‘exotic’ is used for 
species not normally associated with being a companion animal. For these species individual 
charting methodology has in the past not being thought of as a significant requirement. Yet, the 
masticatory and dentition variation of exotic species is in many genera or species highly specific 
(Seligsohn and Szalay, 1978, Van Foreest, 1993, van Foreest, 1995). Metatherian dentition, diet and 
masticatory actions are thought of as probably the most varied within Mammalia (Schultz, 1947). 
This means that many of the known oral diseases or baseline requirements of identifying oral 
complaints in these animals may differ vastly from that of companion animals or other mammals.  
 
Koalas (Phascolarctos cinereus) are significant species within Australia’s endemic fauna and listed 
as a species “vulnerable to extinction” in the South East Queensland bioregion of Australia (Anon, 
2009, Preece, 2007). In South East Queensland, the decline of regional koalas has escalated. It has 
been reported that the koala population within Queensland’s Koala Coast in a 1996-1999 survey 
was 6246 animals, however in a 2008 survey the population estimates were only 2279 animals 
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(Anon, 2009, Dique et al., 2004). In wild populations of koalas, the main threats are the loss of 
habitat, motor vehicle incidences, and domestic dog attacks (Preece, 2007, Smith and Smith, 1990). 
The main infectious disease threat of the koala is chlamydiosis (Weigler et al., 1987). 
 
The koala is a highly represented Australian species within many zoological institutions throughout 
the world and research from these institutions on husbandry and veterinary treatment provides 
significant advances in the care and knowledge of the koala (Tobey et al., 2005, Pye et al., 2008). 
Within Australia, free-ranging koalas are provided extensive assistance through rescue 
rehabilitation clinics. The personnel within these clinics are various, with public volunteers, wildlife 
rangers, scientific researchers, and veterinarians providing health diagnostic information.  
 
Oral health status on the koalas has been lacking from the published pages of journals apart from 
two earlier reports (Butler, 1978, Colyer, 1930). Previous investigations of the koala oral cavity 
have focused on evolutionary aspects (Grand, 2001), lingual papillae (Kobayashi et al., 2003), 
parotid and mandibular salivary gland composition and secretion rates (Beal, 1990b, Beal, 1991, 
Beal, 1990a), oral microbiology and disease (Bird, 2002, Mikkelsen et al., 2008b, Mikkelsen et al., 
2008a), eruption sequence (Thomas, 1887), rostral anatomy (Kratzing, 1984), masticatory muscles 
(Nakajima and Townsend, 2009), jaw movements (Davison and Young, 1990), functional dental 
morphology (Lanyon and Sanson, 1986b), and development of predictive chronological age classes 
(Eberhard, 1972, Gordon, 1991, Young, 1990b, Lanyon and Sanson, 1986a, Martin, 1981, Martin 
and Handasyde, 1999).  
 
The koala has a unique specialised masticatory physiology with eight muscles of mastication 
including a wide masseter-temporalis muscle complex (Davison and Young, 1990). The deep 
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masseter, temporalis superior, and medial pterygoid muscles work in unison to produce a powerful 
bite force allowing the koala to cut and chew eucalyptus leaves using lateral anisognathic and 
anteroposterior isognathic jaw movements effectuated by the superficial masseter (Davison and 
Young, 1990, Nakajima and Townsend, 2009). A fused symphysis and large medially inflected 
mandibular process separates them from being typical herbivorous species (Sanchez-Villagra and 
Smith, 1997). Hind gut digestion of the vegetation provides the nutritious requirements after 
comminution into fine particulates by the bunoselenoid molariform teeth. Development of the 
dental apparatus of the koala does not include a true deciduous/permanent series. During 
development in the pouch a fourth premolar milk tooth is reabsorbed, then the eruption sequence of 
the permanent teeth continues to one year of age (Thomas, 1887, Blanshard, 1990). The permanent 
dentition comprises of 30 teeth with a dental formulae I = 3/1, C = 1/0, P = 1/1, M = 4/4. The 
occlusion of the koala is brachynathic at rest with the mouth gape highly restrictive in movement 
mainly due to the surrounding thick oral tissue. The teeth of the koala constantly undergo abrasive 
reduction throughout life with the progressive wear patterns of the premolars and molars providing 
estimated ageing. The lifespan of the koala is estimated in the wild to be 18 years, and by this time, 
the cheek teeth have reduced to be level with the gingival margin (Martin and Handasyde, 1999). 
The loss of occlusal biting surfaces reduces fine particulate production but the koala compensates 
by increasing intake and developing merycism behaviour (Lanyon and Sanson, 1986a, Logan and 
Sanson, 2002). 
 
Charting methods and forms have been adapted from human and animal dentistry to assess the oral 
cavity of raccoons (Hungerford et al., 1999), pigs (Samuel and Woodall, 1988), non-human 
primates (Loftin, 1979), red squirrels (Sainsbury et al., 2004), and coatis (Freitas et al., 2008). The 
masticatory and dentition variation of species can be highly specific and oral diseases or baseline 
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requirements can differ vastly from that of companion animals (Van Foreest, 1993, Manville, 
1992). 
 
Recent evidence of bone loss in the koala and oral microflora suggests that oral disease may occur 
in the koala (Bird, 2002, Mikkelsen et al., 2008b, Lee et al., 2011). Therefore, in this study, we 
undertook a preliminary survey of the oral health status of a group of koalas with the aim to develop 
a standardized health charting system that can be used by any personnel involved in koala 
husbandry, rehabilitation, or veterinarian dentistry. 
 
 Materials and Methods 4.3
4.3.1 Development of oral health chart 
Thirty free ranging koalas (17 F/13 M) admitted to the Moggill Koala Hospital (MKH), Brisbane, 
were randomly selected for examination of their oral cavities. Koalas were entered into the study 
sequentially based on the random event of requiring rescue from an incident in the Brisbane 
environment and examined during the period of clinical admission. For this study, based on 
Queensland koalas, previously published tooth wear classes (TWC) (Gordon, 1991) are followed 
and we applied the same principle as another study, reducing to seven TWCs (Jackson et al., 2003). 
All animals with wear determined as TWC 7 or above (i.e. older aged koalas) are included in that 
class. Tooth wear classes of the 30 koalas were determined as TWC 1 (n=3), TWC 2 (n=1), TWC 3 
(n=5), TWC 4 (n=6), TWC 5 (n=7), TWC 6 (n=3), and TWC 7 (n=5). Approval of the study was 
obtained from the University of Queensland Animal Ethics Committee (AEC No: 
DENT/618/UQJRS). On admission to MKH, general health information was recorded by the 
Moggill staff, including: body mass, gender, head and body length, current disease status, location 
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of origin, general body condition, and treatment provided. The general body condition scaled 
indicators used at MKH are; body score, fur grade, and general appearance. Body scores are based 
on a scale of 0-10 (0-severe cachexia, 10-excellent condition). Fur grade is scored at 0-3 with 0 
being excellent. General appearance is scored at poor, fair, and good. 
 
Oral examinations were performed either during clinical assessments performed under anesthesia 
by MKH staff or post mortem by the same investigator (LMP) to standardized readings. Standard 
periodontal protocols established for domesticated species were followed for all examinations 
(West-Hyde and Floyd, 1995). The protocols included: 1) functional and physiological features 
(oral symmetry, tooth relationships, trauma, tooth loss, and mobility, or enamel changes and oral 
cavity obstructions); 2) general oral soft tissue condition (gingival sulcus depth, oral trauma or 
infection, healthy oral conditions for age classes), and; 3) clinical signs of oral disease and caries 
(presence of carious lesions, breath odour, plaque, calculus, gingivitis, and periodontitis). Gingivitis 
was determined through presence of swelling, redness, and bleeding on probing. Periodontitis was 
identified using presence of gingival recession and attachment loss, alveolar process bone loss, and 
pocket formation. A periodontal probe (Williams perio probe. Hu-Friedy, USA) was used to 
perform the periodontal assessments. Intraoral images of all buccal, lingual and occlusal surfaces of 
the teeth were taken using a digital camera (Fujifilm Finepix S5800, Fujifilm Corporation, Japan) 
positioned at a standardised 100-mm distance from each surface. The images were then used to 
confirm and describe levels of severity of oral disease signs. 
 
For development of the chart calculus and stain categories, measurement was determined using 
software (Adobe Photoshop, Adobe Systems Inc., USA) where specific areas were selected 
according to methods published previously and then analysed using Scion image program software 
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(Scion Corporation, USA) (Aleksejuniene, 2006, Denissen et al., 2007). This software tool with a 
predetermined fuzziness setting of 100 (50 shades above and below the selected pixel) was used to 
calculate percentage of surface area covered with stain and calculus. The images were then grouped 
into surface area percentage classes (0%, 25%, 50%, and 75% or above). Category descriptions 
adopted from terms applied previously for extrinsic tooth discoloration and calculus (Figure 4-1) 
were used (Alkhatib et al., 2004, Fanning et al., 1968, Greene et al., 2005, Macpherson et al., 2000). 
 
Two gingivitis assessment techniques were incorporated in the initial prototype to assess accuracy 
in detection of gingivitis. The gingivitis categories were adapted from and followed 
recommendations for inflammation and bleeding category definitions (Loe and Silness, 1963, 
Muhlemann, 1977, Ainamo and Bay, 1975). Tooth mobility grading followed similar guidelines as 
published previously (West-Hyde and Floyd, 1995, Miller, 1950). All categories were coded with 0 
(no problem) to 3 (severe problem) scoring definitions. To assist observers further a visual colour 
chart showing inflammation, bleeding, staining, and calculus was developed using oral images 
based on the specific four levels within each category. 
 
Figure 4-1: Calculus Deposit Grading, an example of percentage 
class scoring. 
 102 
 
A photograph of clinically healthy cheek teeth was included in the chart for observers to mark 
present or absent teeth or tooth wear irregularity. An instruction sheet produced included systematic 
methods and definitions. Observers were prompted at the end of the examination form to include 
any other abnormality viewed within the oral cavity. 
 
4.3.2 Testing the performance of the oral health chart 
The charting system was tested for reproducibility by four observers who assessed 10 additional, 
randomly selected MKH new arrivals admitted to the clinic by the same process as the initial 
selection. The observers were categorized based on their experience or lack of experience in koala 
health diagnostics or oral health assessment: Observer 1; had no diagnostic skills, Observer 2; had 
20 years of koala health diagnostic skills, Observer 3; was a registered veterinarian with many years 
of diagnostic skills with koalas and Observer 4; was the developer (LMP) of the charting system. 
The objectives of the trial were to identify categories that required further definition, to examine 
ease of use by observers, and to examine whether the categories engaged the observers to contribute 
personal observations. The examiners were provided with the photographic display of each oral 
health category level, a detailed instruction sheet with diagrammatic probing information, and a 
verbal explanation of the procedures to perform. Examiners assessed all koalas in the same order of 
appearance and remained alone during their allotted examination period. Examinations were set to 
allow for a 1-hour period between each examiner to provide any gingival reaction from touching or 
probing to subside. The results were also screened by the chart developer to check for any increase 
in response to invasive procedures such as probing (e.g. a consistently higher score pattern than the 
previous examiner) which could have resulted from overt stimulation. 
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4.3.3 Chart prototype modifications  
The format was redesigned to incorporate two examination record sections for the final charting 
system (see Appendix A). The results of the trial were reassessed with the raw data collected from 
the initial oral examinations and entered into a data spreadsheet as 0 (not present) or 1 (present) and 
sorted based on TWC and location (mesial, distal, buccal, lingual/palatal). Any age class data that 
was present within 25 % of all animals for a particular class was regarded as common or healthy for 
that age class. This information was then entered into the instruction information for examinations 
(Appendix A) and any change from these rules determined whether a normal or abnormal score was 
designated for any chart category. 
 
Further optional description grades were designed for the periodontium and the probe depth 
categories. These included gingival recession, pocket depth, and alveolar bone loss following 
methods that have been described (Glavind and Lȍe, 1967, Miller, 1950, Holmstrom et al., 1998, 
Wiebe et al., 2001). A simplified numerical value (index) calculation was incorporated into the 
charting system. These were based on the mathematical equation [sum of all scores/number of sites 
scored = index] (Greene and Vermillion, 1960, Greene and Vermillion, 1964). This achieved a 
General Oral Cavity index (GOCI), Oral Health index (OHI), Individual Oral Health Category 
index (ICI) and a Final Oral Health Index (FOHI). The oral health conditions calculus, bleeding and 
inflammation remained as visual cues displayed on a sheet (Appendix A) together with the chart. 
The cheek teeth image included in the initial chart was converted to being a full dentition maxilla 
and mandible diagram inserted on to the back of the charting sheet (see Appendix A). 
 
 104 
 
4.3.4 Statistical analysis 
Analysis of the data was performed using statistical software (SPSS Version 15, SPSS Inc., USA). 
Based on the results from the 30 koalas, scores for calculus and gingivitis were analysed as full or 
partial mouth, on individual teeth of the maxillary and mandibular arches and by grouping the type 
of tooth into a collective unit. The scoring from the left and right arches of the maxilla and 
mandible were compared using paired t-tests. To compare scoring based on tooth type 
(incisor/canine/molar teeth) ANOVAs with post-hoc analysis using the Tukey test were used. The 
difference between grouping the premolar teeth separate to the molar teeth (collective called the 
cheek teeth) was tested using paired t-tests. To test for any difference between using a category for 
‘all incisor teeth’ or using categories separating the maxillary incisor and the mandibular incisor 
teeth, an ANOVA with a Tukey post-hoc test was performed. 
 
The data quality and standardization from the chart trial were tested by inter and intra-observer 
performance assessed using Kappa coefficients of agreement statistics by methodologies published 
previously (Cohen, 1960, Cochran et al., 2004). The percentage of chance agreement shown with 
Kappa provides a value of how much agreement was purely by chance whereas the statistical Kappa 
indicates the level of agreement beyond that which is purely by chance. The interpretation of the 
Kappa values were: a negative value is considered ‘poor’ agreement; 0.00 – 0.20 as ‘slight’; 0.21-
0.40 as ‘fair’; 0.41-0.60 as ‘moderate’; 0.61-0.80  ‘good’; and 0.81-1.00 as ‘excellent’ (Landis and 
Koch, 1977). 
 
Personally notated observations and chart ease of use were assessed qualitatively. These two 
assessments were based on whether the observers attempted to make any additional notes on the 
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forms, the accuracy of their observations, and whether they found the form format and diagnosis 
process easy to understand. 
 Results 4.4
4.4.1 General health of koalas 
Following admission of the 30 koalas, 17 koalas died from their current injury or disease, eight 
were euthanized, three placed into care, and two released after treatment. Thirteen of these 30 
koalas were admitted with chlamydiosis, eight with vehicle trauma, eight dog attack injuries, and 
one due to falling from a tree. The tree fall koala and two of the dog admissions appeared to be 
suffering chlamydial infections prior to their injuries. 
 
Eleven koalas that were admitted were in poor general appearance and had low body scores (0-5) 
while 19 were in fair to good condition, recording body scores between 5-10. Good fur quality was 
present in only 17 koalas. Cystitis was diagnosed in 10 koalas, five had conjunctivitis, four were 
classed as having a wasted condition, and two had bursitis, five had pneumonia, and one each with 
metritis and nephritis. 
 
4.4.2 Oral health of koalas 
Examination of the oral cavities of four koalas showed that they had irregularities on admission 
where three had fractured maxillary incisor teeth from recent motor vehicle collisions and one had 
an old healed mandibular injury. The healed mandibular injury showed differences in the left and 
right diastema length (right: 21.5-mm, left: 32-mm) and malpositioning of teeth. In addition, one 
case showed past tooth loss (maxillary third incisor), two fractured teeth (fourth premolar and first 
incisor teeth), six malpositioned teeth (one canine, five maxillary incisor teeth), and two cases each 
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with dental attrition, tongue abnormalities (lesions), and abnormal occlusion or cheek epithelial 
loss. There were five cases of gingival hyperplasia, vegetation compaction, odorous breath, and 
hard palate irregularities. There were nine cases of periodontitis with severe (> 50%) attachment 
loss. In two of the periodontitis cases, furcation bone loss, interproximal bone loss, and buccal root 
exposure were evident (Figure 4-2).  
 
In all cases of severe periodontal disease, vegetation was compacted within the interdental spaces at 
diseased sites. It is of interest that no carious lesions were recorded in any of the koalas. Six koalas 
had irregular incisor tooth wear and one koala had irregular molar crown wear. One koala recorded 
tooth mobility (Female TWC 7, score MIII: left maxillary second and third incisor teeth). Probe 
depths ranged from 0.5 to 20-mm (SD 0.029) with the healthy range for good oral health being 0.5-
1-mm. All koalas had extrinsic light brown to black staining of the teeth. Fourteen koalas had 
gingivitis (swelling, redness, and bleeding), five scored as mild, five as moderate, and four as 
Figure 4-2: An example of severe Furcation Bone Loss and which is typically a site of 
Vegetation Compaction  
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severe. Three of the gingivitis cases recorded severe gingival bleeding from light pressure of the 
gloved finger with no gingivitis associated inflammation present. Dental calculus was present in 17 
koalas. 
 
4.4.3 Oral health chart development 
The presence of gingivitis and calculus on the four arch sides (left/right maxillary, left/right 
mandibular) showed no significant variation in scoring (gingivitis 13/13, 11/10 and calculus 15/17, 
14/13). The number of gingivitis, calculus, and mobility recorded observations for individual teeth 
decreased with each progressive caudal tooth position. Whereas, the frequency of stain deposit 
scores increased from the rostral to caudal teeth. When grouped on tooth type (incisor, canine, 
premolar, and molar) the number of recorded scores and the level of score changed. The premolar 
and molar teeth did not show any significant difference based on frequency, however variation was 
seen between the premolar and all other molar teeth when comparing actual score severity 
(premolar [ x¯  = 10, ±  2.9] molar [ x¯  = 8.75, ±  = 3.2]; t (15) = 2.44, p < 0.05, r = 0.00). The 
maxillary incisor scoring was highly consistent between the three incisor teeth in both maxillary 
arches (p > 0.05), whereas, mandibular incisor teeth varied in scoring when compared to the 
maxillary incisor tooth group (F (3, 12) = 5.21, p < 0.05). Significant variations between tooth type 
frequencies were also observed (Table 4-1). Scoring the maxillary incisor teeth differed to scoring 
the maxillary premolar, molar, and the mandibular molar teeth. Canine tooth scoring frequency was 
higher compared to the molariform teeth. The mandibular molar teeth varied compared to the 
mandibular incisor teeth in scoring frequency. 
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Therefore, for charting, the oral cavity was divided into major representative regions (Figure 4-3). 
Generalized visual observations or a single observation of each region was sufficient to obtain an 
overview of the oral health status. For chart recording, the highest score obtained during the 
examination of a designated region was considered the reportable final score. 
 
The examination prototype for use during the trials contained two sections: 1) general animal 
information - tooth wear class, sex, origin, animal code, medical conditions, treatment, and 2) the 
oral health examination section. 
 
Table 4-1: Chart Development Examination Score Variations for Gingivitis and Calculus 
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Figure 4-3: Chart separation of the Jaws into Tooth Type Sections 
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4.4.4 Chart trials 
The trial data of the first three observers was compared against the fourth observer. All observers 
fully completed the general animal information section. For the oral health section of the chart, 
observer 2 achieved the same values on 70 % of scores; observer 3, 69 %; and observer 1, 64 % (n 
= 200) when compared to observer 4. Within the total scores, cheek teeth score agreement of the 
three observers was slightly better at 75 % compared with incisor scores (61%). 
 
Observer 4 recorded 8 of the 10 koalas as having additional observations requiring recording. 
Observers 1 and 2 did not record any additional information on their charts. Observer 3 provided 
observations for six koalas. All of the observations made by observer 3 were equivalent in relation 
to oral cavity site, tooth, or general infliction to those made by observer 4. The only difference 
between these two observers was in the degree of explanation of the anomalies. The specific 
anomalies noted were vegetation compaction, incisor tooth malposition, advanced incisor wear, 
subgingival calculus, and oral ulceration. 
 
The reliability of the chart to perform under different inter-observer conditions is shown in Table 
4-2. The inflammation category showed high levels of chance agreement across all observers. 
Whereas, Kappa values revealed observer 3 obtained a lower probability of achieving similar results 
for inflammation (k = 0.13) compared to observers 1 and 2, who both achieved equal Kappa values 
(k = 0.54). Mobility and bleeding rated well for both chance agreement and Kappa value across all 
observers. The stain Kappa value rated good for observer 1 and moderate for observers 2 and 3. 
Calculus agreement was low for observers 1 (27%) and 2 (30%). Observer 3 rated at a higher level 
(60 %) but elimination of chance revealed a low Kappa value (0.07) similar to the other observers 
(k = 0.003, 0.06). 
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Table 4-2: Examiner Performance Rating of Oral Health Categories. 
Statistical Kappa Results show evidence of examiner agreement with LMP 
scoring. For example Observer 2 agreed 90% of the time with LMP in 
inflammation scores 
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Intra-observer site-specific Kappa values (Figure 4-4) for observer 3 showed that inflammation 
observations were more difficult in the incisor tooth region (k = 0.09) than the molar tooth region (k 
= 0.80). Observers were able to identify calculus by the instructions on the incisor teeth at low 
kappa values (observer 1: k = 0.25, observer 2: k = 0.31, observer 3 k = 0.11). Observations on the 
molar teeth were negative for observers 1 (k = -1) and 2 (k = -1), whereas observer 3 achieved a fair 
kappa (k = 0.34). 
 
 
4.4.5 Initial chart prototype modifications 
Age specific details that consistently occurred within the age classes were: crown staining of first 
maxillary and mandibular incisor teeth only occurred between TWC 1 and TWC 3. Only animals 
above TWC 3 had stain accretions on the distal portion of the mandibular incisor teeth. All other 
teeth within the oral cavity had stain deposits on all surfaces (in all age classes) that did not undergo 
abrasive contact during mastication. Dental attrition of the incisor teeth only occurred in koalas 
Figure 4-4: Variations in Oral Health Categories Observer Results. A negative 
value = poor agreement, 0.00 – 0.20 slight, 0.21-0.40 fair, 0.41-.60 moderate, 0.61-
.080 good, 0.81-1.00 excellent. 
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above TWC 5 and tooth wear was not present on the mandibular incisor teeth below TWC 4. The 
buccal cheek coloration in koalas under TWC 5 was pink while coloration in those above TWC 5 
was white. The age specific details and oral health results of the 40 koalas were incorporated into 
the instructions for examination and a new charting format was designed (Table 4-3). The General 
Animal Information section of the original chart prototype was retained, whereas the original 
examination record section of the chart was altered to include two major sections. These sections 
were the General Oral Cavity (GOC) section and the Oral Health (OH) section. Included in the 
GOC section were 12 categories; teeth (position/number, carious lesions, trauma), tongue, molar 
and incisor tooth wear, probe depth, occlusion, vegetation compaction, stain, probe depth, breath 
odour, hard palate, and periodontium. These categories were assigned a normal (0) or abnormal (1) 
scoring system. Separation of the General Oral Cavity and Oral Health sections provided the 
detection of signs elated to physical trauma as opposed to periodontal disease. The OH section 
included scoring for calculus, inflammation, bleeding, and mobility. A 0–3 scoring was assigned to 
each category within this section. The lowest index score after tabulation of all separate indices was 
0 (Table 4-4). The highest index score achievable was: Individual Category index (ICI) = 3, General 
Oral Cavity Index (GOCI) = 12, and Oral Health Index (OHI) = 12. Calculation of all indices’ 
scores on a chart resulted in a Final Oral Health Index. This index could be used for individual 
koala monitoring or for population based analysis with FOHI = 24 as the highest achievable index. 
All index scores can be converted into the categories of normal, mild, moderate, and severe. 
  
 
 114 
 
 
Table 4-3: Final Koala Oral Health Chart. Final charting format includes general animal 
information and two examination sections: GOC and OH. A calculated index provides for 
a quantitative result that can be used in comparative research of populations or 
continuous individual assessments  
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 Discussion 4.5
The results of this study showed that a species-specific charting method could be developed for the 
koala. In the process of the development of this charting system, it was found through the 
examination of 30 koalas that oral diseases do indeed occur in the koala. 
 
Domestic animal and human dental measures have been utilized in the past for exotic species 
(Hungerford et al., 1999, Stoller et al., 1989). However, these methodologies will not necessarily 
Table 4-4: Chart Section index levels showing severity (mild, moderate or severe) 
and numerical scaling by individual and population level grades 
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detect afflictions that are species specific (Verstraete, 2003). Veterinary dental treatment of exotic 
species is becoming more prevalent within many veterinary clinics and zoological institutions. 
Using modifications of human and animal dentistry techniques, we developed a charting system 
specifically for koalas. The initial scoring format found that left and right scoring of gingivitis and 
calculus was homogeneous for both arches (West-Hyde and Floyd, 1995). Gingivitis, calculus, stain, 
and mobility occurrences were found in a particular oral site that is specific for the koala. 
 
In the trial performed here, the charting format showed that responses were poor for calculus and 
inflammation. Furthermore, two observers only provided personal observations. The scores of the 
three observers, when compared with the results of the developer who designed the chart, were 
found to be nearly identical in regard to the molar teeth compared with the incisor teeth. This may 
be because currently, in the examinations of koalas, the observers normally overlook the incisor 
teeth and concentrate on the premolar and molar teeth as these are used for age class estimation of 
the koala. Familiarity with molar tooth examination may give examiners greater confidence in 
recognizing molar tooth abnormalities than those in other areas of the dentition. 
 
Bleeding on probing and gingival indices are used in dentistry to identify gingivitis. They can be 
used either separately or together to determine whether gingivitis is present (Ismail et al., 1987). 
Gingival indices are inflammation based and include bleeding within the observation criteria. Most 
indices were initially developed for population studies and are not suitable for individual diagnosis 
(Hutchinson, 1958). Bleeding on probing indices provide information on gingivitis cases that are 
within the initial stages of the inflammatory process when swelling or redness have not yet been 
visualized (Greenstein, 1984).  In the 30 koalas initially examined in this study, gingivitis was 
present based on both bleeding without inflammation (swelling and redness) and bleeding with 
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inflammation. Although both types of gingivitis diagnostic indices can be used, their individual 
diagnostic value is still being questioned over possible lack of sensitivity, complicated or overtly 
simplified disease sign criteria, and high risk of false positives (Lang et al., 1986, Alexander et al., 
1971). All examiners performed probing equally well during the trial which showed that the 
instructions and visual material provided sufficient information to avoid probe force or angulation 
problems which have been reported in the literature (Van der Weijden et al., 1994). However, to 
avoid loss of gingivitis detection through procedural error, both categories were retained in the 
chart. The determination of the extent of gingivitis in a koala or population was advised in the 
instructions to be the total sum of all inflammation and bleeding incidences on a chart. This 
directive avoided problems with complicated criteria or poor sensitivity and examiner reliability. 
 
When comparing observer skills in relation to scoring abilities, observer 1 (no diagnostic skills) 
scoring was highly comparable to the other observers. This indicates that multi-disciplinary 
personnel may successfully interpret the instructions. Observer 3 (veterinarian & koala diagnostic 
skills) did score lower for incisor and molar teeth in the calculus category but included 
observational information regarding calculus deposition in the oral cavity. The observational 
notation mentioned by observer 3 confirms that this observer was able to identify calculus correctly 
and that the difference between observer 4 and this observer would likely be in the interpretation of 
the score level. Observers 1 and 2 failed to identify calculus presence or absence on the molar teeth. 
 
In most dental charting systems, plaque recording is an essential requirement. Accurate detection of 
plaque normally requires application of a disclosing agent. This method would be impractical in 
fieldwork. Detection without the use of disclosing agent also has the risk of interpretation error, 
particularly in interproximal regions (McHugh, 1971). Visual plaque observations are also made 
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difficult due to the small mouth gape, long oral cavity, and inflexible cheek flesh of the koala, 
which restricts physical entry to the caudal aspect of the oral cavity. This restriction is greater than 
that seen in the rabbit, with oral speculums normally used in these situations not suitable for use in 
the koala. Calculus however, does provide visually observable evidence that plaque is present. 
Calculus deposit coloration, texture, and dense coverage on koala teeth provide sufficient visibility 
even on caudal cheek teeth.3 
 
A successful scale of percentage based scoring similar to the category here has been developed 
comparing calculus in feral and domestic cats (Clarke and Cameron, 1998). A similar incremental 
system on lemurs showed the average of observations for each site had suitable clinical indices 
(Willis et al., 1999). Stain and calculus deposits are found together in other herbivorous species and 
the differentiation between these two deposits has not been defined in some studies (Cutress and 
Healy, 1967, Miller and Beighton, 1979). Reproducibility of stain scoring was high in the trials 
performed in this study, whereas calculus scoring was identified as requiring clarity to distinguish it 
from stain deposits. It was decided that monitoring abnormal stain deposition rather than an 
incremented scoring format would produce more decisive information on stain deposit changes in 
the oral cavity. Therefore, stain scoring was altered to be an abnormal/normal category in the 
General Oral Cavity section while calculus remained as a 0-3 scoring format in the Oral Health 
Section. A similar alteration was made with the probe depth information. The average probe depth 
range was 0.5-mm to 1.00-mm with > 2.00-mm designated as abnormal. 
 
We found that observers required additional prompting to detect abnormalities. To amend this 
observation, 12 prompts requiring a “normal” or “abnormal” response answer were added. A 
response of ‘abnormal’ initiated personal observations to be entered on the patient’s chart. This 
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method has been adopted previously by researchers in the development of indices and other clinical 
parameters (Davies, 1968). 
 
Within the developed charting system, connections are made between observations to develop 
concluding results. Probing depth combined with a periodontium category anomaly of attachment 
loss, gingival recession, bone loss, or pocketing together with any evidence of calculus, mobility, 
occlusal problems, or gingivitis will provide information on an active or past periodontitis stage. 
Inflammation and bleeding identify the extent and severity of gingivitis within populations. This not 
only grades each gingivitis sign on four levels of severity for individual diagnosis, but also 
increases the gingivitis detection rate twofold. 
 
Indices developed for the recorded chart data were individual index (ICI), oral health index (OHI), 
general oral cavity index (GOCI), and a population index (FOHI). These resulting indices allow 
koala health practitioners and ecologists to not only monitor continued oral issues in an individual 
but also allow research or colony health to be monitored on a population level. Furthermore, 
information can be collated on any single oral health issue entered into the chart and analysed for 
population prevalence, extent, and severity. 
 
The use of dental radiology of koalas in Australia is generally only after initial examination detects 
a problem that requires intensive investigation. This approach is mainly taken due to financial and 
time constraints, and these problems have been identified as universal in wildlife rehabilitation 
(Sikarskie, 1992). Clinical observations as a detection method for periodontal disease have been 
found to be significantly correlated with results from radiological derived methods and successful in 
diagnosing periodontal disease in feral cats (Smith et al., 1985, Verstraete et al., 1996). The 
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American Veterinary Dental College and the Australian Veterinary Dental Society also recommend 
similar clinical methodologies as developed in this study (AVDC, 2010, AVDS, 2007). Therefore, 
the use of clinical observations alone, will sufficiently diagnose the presence of oral disease in the 
koala without accompanying radiographic evidence. This is an important aspect for field studies, 
although radiology is recommended in the chart instructions if further investigation is required. 
 
In the development of the koala charting system, emphasis was placed on reducing complexity 
without compromising quality. The development of a species-specific charting system as described 
here will enable koalas to be monitored for oral health, providing important health information 
currently lacking in this species. We regard the chart as a significant veterinary dentistry tool that 
can be applied to fieldwork applications, wildlife rehabilitation, and captive koala husbandry. 
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: A population dynamics survey of the oral cavity health in Chapter 5
the koala: Baseline parameters for “Free Ranging” and Captive 
Animals. 
 
 Abstract 5.1
Survey type research is commonly performed on various avenues of koala health or ecology. This 
can now be applied to the oral health surveillance of koalas. Using 295 koalas data was collected 
and the survey results are presented. Eighty-six percent of all koalas had an orally related problem 
with 42% of the koalas being old aged. The range of index values from the whole population were 
0.14 - 15.98. The average index level in the population is rated mild at 3.78. Based on severity 
categories mild, moderate or severe, sexes varied in frequencies, although the effect was only 
minor. In the severe level, 66% of the whole population cases were within TWC 7. Moderate FOHI 
scores were also significantly more frequent than the number of severe scores (U, = 1378.00, p < 
.001, r = -.67). In the GOCI category, the most frequent score was 1. Proportionally, 77.8% of the 
score were mild, 19% moderate and 3% severe. The maximum score within each age class ranged 
between 5-7 except TWC 5 with a maximum of 8 and TWC 7 with the highest maximum of 11, 
which is one less than the absolute maximum GOCI. The highest OHI recorded was 8.40 from a 
TWC 7 female. Two hundred and nineteen koalas recorded an oral index, with sexes closely 
numbered. Based on the visual chart scale (severity scale range) the OHI severity categories were 
TWC 1 mild [0.01-2.80], TWC 2 – TWC 4 Moderate [2.81 – 5.60], and TWC 4 – TWC 7 severe 
[5.61 – 12.00]. From within the oral health data the possibility that an oral issue would be 
periodontally based was 36.5%. 
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Colony differences saw wide variability in frequencies within the three sections of the chart. The 
third zoo was the only captive colony to have better oral health than the free-range group. The 
maximum scores for the groups also showed Zoo 3 as having lower range (Zoo 1; 11.42 for a TWC 
1 male, Zoo 2; 13.40, Zoo 3; 4.13 and Free-range; 15.98). Analysis of the FOHI severity levels 
between  the free-range and captive based on sex and tooth wear class revealed significant variation 
[Sex; x2(2, N = 253) = 6.08, p = 0.000) TWC; x(2, N = 253) = 42.83, p = 0.000)] In the GOCI 
proportions the captives had fewer cases to the free-range. Comparing the number of free-range 
against captive Oral Health Index cases showed they were equally proportioned at 74%.  
 
General admission information on the free-range koalas indicated systemic disease was prevalent in 
125 koalas. The severity scale showed 67% of the free-range koalas had mild final index (FOHI) 
with an average of 2.28 (s.d 1.44), minimum 0.14, and maximum score 5.13. Following this 22% of 
the koalas scored within the moderate FOHI index scale, average 7.46 (s.d 1.51), minimum 5.41, 
maximum 10.13, and 11% scored severe, with an average FOHI of 12.29 (s.d 2.09), minimum 
10.56, maximum 15.98. The Final Index for each tooth class showed significant differences 
between classes [(df 6, 291) FOHI = 82.94, p = 0.000]. There was a sharp increase in frequencies at 
TWC 3; this was also identified in the GOCI.  
 
In the captive colonies, the proportion of animals with an oral disorder was 84.2%. The zoos were 
significantly different [x2(2, N = 15) = 0.00, p < .05]. The average FOHI for a captive koala is 3.57 
(s.d = 0.34). Analysis showed that Zoo 3 was significantly healthier in FOHI levels (than the other 
three groups (Zoo 1/Zoo 2/Free-range) [x2(2, N = 95), =17.319, p >.05] and had a much lower mean 
of 1.44 ± .51, and range 0.14 - 4.13. Zoo 2 recorded the highest average Final Index at 4.11 (± 1.5) 
followed closely by Zoo 1 on 3.66 ± 0.39.  
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The indexes developed in Chapter 4 and reported here identify the baseline parameters for the 
koala. The index descriptions provided are based on population level statistics. The prevalence of 
oral disorders in the koala population is 86%; this is similar to the rates recorded in other species. In 
the free-range koalas, the study presents the natural history of dental disorders plus the number of 
major pathological conditions. In both the free-range and the captive, the information here is a 
combination of present and past disorders. The objective of reporting this information is that in 
future oral cavity studies and surveillance of the oral health of koalas these parameters will provide 
a set of levels to be utilized when comparing other koalas. Declines or improvements in oral health 
will be easily detected through usage of the information detailed in this chapter 
 
 Introduction 5.2
Health problems in the oral cavity are often wide ranging in causation, prognosis and treatment and 
can continue over lengthy periods such as with periodontal disease. Epidemiological surveys of 
dental conditions studied in large-scale research provide a widespread view of the overall oral 
health of populations over time or under various circumstances. It can also detect connections 
between oral disease and environmental causes or links to other medical conditions. An increase in 
cases of poor oral health where poor quality food sources exist is an example. Therefore, the current 
state of oral health, and other data collected through the oral health charting are comparative tools 
that can measure important changes within the koala species. The chart indexes and severity style 
grading of conditions could be used with other species or compared against other species data.  
 
Miles and Grigson (1990), reported on the only epidemiological survey undertaken on koala dental 
health by Colyer (Miles and Grigson, 1990). He examined 27 koala skulls and found no tooth 
number variation, position changes or mobility, no tooth destruction of any kind and no periodontal 
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disease (Miles and Grigson, 1990). Yet in the same text, many herbivores were found to have 
numerous dental pathologies. Robinson (1979a) found that information on oral cavity issues in 
exotic animal species was very limited and extensive material only existed within the primates. 
Mainly due to their evolutionary relationship with man they make ideal test subjects on human oral 
conditions (Cohen and Goldman, 1960, Schultz, 1947). Despite the lack of information by Colyer, 
epidemiological screening of oral pathologies have been performed on some overseas exotic 
animals, with most studies reporting both trauma and bone loss related oral issues (Pavlovic et al., 
2007, Hall, 1940, Hall, 1945, Wenker et al., 1999). Zoo animals in particular are susceptible to oral 
problems (Braswell, 1991, Glatt et al., 2008). However, knowledge on koala oral issues in research 
is limited to only single or a few animals and even this is not a complete screening of all oral 
conditions (Anon, 2015, Robinson, 1976). The oral cavity of the koala has been discussed in 
epidemiological research from the early period of established koala disease research in Australia.  
 
Neoplasia activity and craniofacial tumours were studied for disease development, regional activity, 
causation and transmission (Canfield et al., 1987a, Canfield et al., 1987b). These growths are 
known in most animal species at low rates (Dixon et al., 2000a, Verhaert, 1993) including koalas. 
From a small study of 27 koalas, periodontal disease was shown to exist in free-range koalas. 
Incidences of the disease increased with age, and there were a few young animals found with severe 
bone loss (Lee et al., 2011). Whether this situation is present in all koalas is not current known. 
 
When dental issues are found in species it is important to obtain a perspective on the extent and 
severity of any problems. The prevalence of a particular pathology gives insight into the effect a 
condition will have on long-term survivorship of the species. Performing epidemiological research 
on any condition in the early stages of discovery is probably the most important aspect of any 
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research. Such surveys were done with Chlamydiosis (Brown et al., 1984b, Brown et al., 1984a) 
and Cryptococcosis in the koala (Brown et al., 1984b). These systemic diseases were found in the 
40 koalas studied in Chapter 4, where sixteen categories were developed for oral conditions 
suspected as being common to koalas. Based on these categories an oral health chart specifically for 
koalas was developed and is described in Chapter 4. Within the chart, the categories were collective 
arranged and a numerical indexes developed. These indexes graded conditions from healthy (0) 
through to severe (3) or present/absent. It is by using these indexes that the status of the oral health 
of the koala can be established. Up until now, only a few species have been researched using 
specially designed oral health charts that originated from domesticated animal charts. These species 
are the squirrel monkeys (Saimiri spp.) coati (Nasua nasua), red panda (Ailurus fulgens), raccoons 
(Procyon lotor), red squirrels (Sciurus vulgaris) tufted capuchin monkeys (Cebus paella) and rhesus 
monkeys (Macaca mulatta) (Brady et al., 2000, Freitas et al., 2008, AZA, 2012, Hungerford et al., 
1999, Sainsbury et al., 2004, Gibson et al., 2008).  
 
The three major indexes that will be used within the findings shown here were developed during the 
chart development process using the following equation; General Oral Cavity Index + Oral Health 
Index = Final Oral Health Index or GOCI + OHI = FOHI). The study here examines the oral health 
of koalas in South East Queensland based on a population perspective. South East Queensland free 
ranging koalas hold a tenuous position within Australia’s koala population with extinction predicted 
(Anon, 2009). The captive Queensland koala is the typical koala represented in zoos throughout the 
world, and the oral health status of these would be critical information in the husbandry of the 
animals. Studying the South East Queensland koala through animals admitted to the Moggill Koala 
Hospital and captive facilities should show a representation of oral conditions found in the koala. 
The information remains at population level then following this chapter are three studies where the 
chart category information is separated into periodontal disease (free-range and captive) and a 
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chapter on other discovered oral pathologies mainly from the General Oral Cavity (GOCI) section . 
Collectively these chapters provide landmark findings of the oral health of the koala. Therefore, the 
information in this and the following chapters is highly important as a reference point to the oral 
health status of the koala.  
 
The research within this chapter is based on the OHI, GOCI and FOHI. The Individual Category 
Index (ICI) is also mentioned. The reason behind this reporting is to draw the baseline results for 
the species using index terms that can be compared with oral indexes of other species. Detailed 
information will be separated into Tooth Wear Class (TWC)/Age, sex, colony. The index acronyms 
mentioned above and explained in detail below will be the main terms used in the results and 
discussion: 
OHI – Oral Health Index (which is the final result based on 4 periodontal health categories chart 
scores) 
GOCI – General Oral Cavity Index (which is the final result based on 12 oral anomaly categories) 
FOHI – Final Oral Health Index (which is the final result based on OHI +GOCI = 16 total chart 
categories) 
ICI – Individual Category Index (which is the final result based on 7 tooth types within the 
periodontal oral health chart section) 
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 Materials and Methods 5.3
5.3.1 Free Ranging Animal Selection and Examinations 
Koalas rescued from the wild and admitted to Moggill Koala Hospital (MKH) were examined until 
200 were achieved and all TWC had sufficient animals. The range of TWC’s used by Moggill staff 
were 1 – 20. These classes were developed by the staff and discussed in Chapter 3. The classing 
was modified to the adaptation taken by Jackson (2000) where all animals classed as TWC 7 or 
above were placed within that TWC (Table 5-1). Therefore, seven assigned tooth wear classes were 
analysed in this study. The population distribution of TWC’s based on sex are shown in Table 5-2 
and Table 5-3. 
 
 
 
 
Table 5-1: Gordon's tooth wear classes with average 
age and estimated stage of life 
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Table 5-2: Captive koala original age tallies and same population transformed into tooth wear 
classes 
Table 5-3: Free-range koala population as distributed 
by sex and tooth wear class 
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The Koala Oral Health Chart, examination instruction sheet, category criteria and visual aids (see 
Chapter 4, Appendix A) developed specifically for koalas in Chapter 4 were followed throughout 
the examinations. The examination methodology was the Full Examination technique detailed in 
Appendix A. Oral examinations were performed either during initial clinical assessments performed 
under anesthesia by MKH staff or immediately after euthanasia by the same investigator (LMP) to 
standardized results.  
 
During the examinations a series of still photographic images (Fujifilm FinePix S5800, Fujifilm, 
Indonesia) were taken of the head, occlusal rest position, mandible and maxilla and any abnormal 
finding that was visually detected. The clinical MKH admission sheets and autopsy sheets (if 
applicable) were obtained on each animal. The information from these sheets included: body mass, 
tooth wear class (TWC), gender, current disease status, general body condition and treatment 
provided or autopsy results. The general body condition scaled indicators used at MKH are; body 
score, fur grade and general appearance. Body scores are based on a scale of 0-10 (0-severe 
cachexia, 10-excellent condition). Fur grade is scored at 0-3 with 0 being excellent. General 
appearance is scored at poor, fair and good.  
 
5.3.2 Captive Population Examinations and Animal Selection 
Three zoological parks from South East Queensland were selected to identify the oral health of 
captive koalas. The three zoos will be known as Zoo 1, Zoo 2 and Zoo 3. The zoos provided Ninety-
five koalas. The decision of inclusion into the study was subjected to keeper approval. Provision 
depended on availability, personality (non- aggressive behavior) and in respect to young animals’, 
acceptance by mothers to allow their joeys to be examined. Accurate age information provided 
through the zoo records showed the date of birth of each animal. The ages were also collated into 
 130 
 
the TW classes previously mentioned by using the average ages as mentioned by Gordon(1990a) as 
a guideline for placement. Both exact age and TWC were used within the captive results. The age 
distribution of the population is shown in Table 5-2. In all zoos body condition was assessed 
according to the methodology of Carrick, Wood and Fyfe (1990b). Information on environment, 
birthplace and history of diseases were also recorded from interviews with keepers/veterinarians 
and on site observations. The oral chart mentioned earlier was used and the same examiner (LMP) 
performed all examinations. Oral examinations were performed using two onsite methods. All 
koalas at Zoo 1 were examined under anesthetic during annual animal checkups. The facility 
veterinarian anaesthetized and monitored each koala. The examination technique at Zoo 1 was the 
Full Examination used on the free-range koalas. At Zoos 2 and 3 koalas were examined within their 
compounds without the use of sedation using a second method of examination. The Quick Check-
up examination, described here was used. Initially, occlusion and external dental attributes were 
examined. Then a koala keeper held the animal and a soft wooden swab stick or small eucalyptus 
branchlet was moved into the oral cavity and constantly moved along the occlusal plane. The 
stick/branchlet movement mimicked koala mastication by allowing a typical chewing response to 
occur. This allowed dental observations to be made with the mouth gape opened. When probing 
was required the branchlet held the cavity in an open state. Koalas were provided with several brief 
rest periods during each examination. The swab stick or branchlet was replaced during each rest 
interval to prevent any broken material from entering the oral cavity. All information was recorded 
during the examinations by using a digital recorder (Sony IC recorder, Sony USA) during the 
examinations. Examinations were also filmed using a video camera (Panasonic NV-GS120, 
Panasonic, USA). Still photographs were collected as mentioned in the free ranging methods.  
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5.3.3 Statistical Analysis 
For analysis of data SPSS Version 15 (SPSS Inc., Chicago USA) was used throughout this study. A 
value of p = 0.05 established statistical significance. The work of Hair et al (2006) and Akcakaya et 
al(1999) was followed for statistical analysis of the index results from the koala oral health chart. 
Normality testing of the distribution of the FOHI data was positively skewed therefore in some 
statistical analyses the square root of each number replaces the original data values. To determine 
oral complaint extent, severity and prevalence in the population’s descriptive analyses, percentage, 
and comparative analysis, Non-parametric testing was required, as the populations did not meet the 
normality. For the FOHI and OHI indexes, the mean was used for all analysis. The GOCI is 
nominal scale; therefore, the median was used to describe the spread of the data.  
 
Before the major analysis SPSS Visual Binning was used to check the severity categories using the 
larger quantity of raw data in this study, based on the range of indexes from the oral health charts of 
the free-range and captive animals. Binning spreads the data results evenly across the range 
between minimum and maximum. Based on percentiles this produces even severity ranges for ICI, 
FOHI, OHI and GOCI index values. The severity categories were mild, moderate and severe were 
established from the calculus data and replaced the original Index Scale groupings developed in 
Chapter 4 that were established on a smaller study group of 40 koalas. The assigned value ranges 
and their severity name for each category are shown in Table 5-4 together with an example of SPSS 
binning technique in Figure 5-1. 
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Table 5-4: Binning of indexes using quartiles as cut off points, used to spread the 
results evenly in each index. These severity levels can then group data to easily show 
varied levels of oral health. This means that a chart section can be described as the 
index (e.g FOHI or ICI) or by the severity level (e.g. Mild, Moderate) 
Figure 5-1: An example of visual binning using quartiles as cut off points in SPSS to determine where 
the data range will be split into mild, moderate and severe for FOHI levels. The levels correspond to 
those under the FOHI category in Table 5-4 
 133 
 
Sampling of the free-range population showed fluctuation in the number of cases with each TWC 
and sex.  An analysis was run to test whether these fluctuations were a natural pattern occurring in 
rehabilitation free-range koalas. Raw data from this study was compared with data from the 
historical records of koalas admitted into MKH in Chapter 3. The objective of this comparison 
would show whether the samples selected for this study required weighting for TWC and sex 
analyses (Table 5-5). The study sample proportions had more TWC 7 males and females as well as 
more on total comparisons. The males in the study sample had higher total proportions in TWC 3 
and TWC 6. The female trend of the study sample was generally lower in proportion to the MKH 
data. So to allow for balanced and natural trends in the number of animals per age class the data was 
weighted by age or sex where required. 
 
 
 
 
Table 5-5: Sampling test to examine whether the collected data is similar to the natural fluctuations in 
TWC and sex distributions. Any variation would indicate that weighting may be required during 
analysis 
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The Kruskal-Wallis Independent test was used to determine any significant difference between 
tooth wear class averages. On significance, validation of any tooth class pair distribution variation 
stepwise step-down testing for multiple comparisons and Bonferroni correction to minimize the 
chance of Type 1 error was performed on pairwise comparison Mann Whitney test. Effect size was 
estimated using the mathematical formulae: r = Z / √ N. Initial normality testing indicated a left 
skewed distribution. Square root transformations were used in some analyses. 
 
 Results  5.4
5.4.1 Whole Population Results 
The total population of koalas examined was 295. Forty-two of these did not have any oral 
complaint and 74% of the good oral health animals were in good condition and generally healthy. 
Within the animals with no oral complaint, 64% were young koalas. The lowest and most frequent 
index in the whole population was 0.14, the highest index was 15.98. The proportion of koalas with 
an orally related problem was 86%. When split into young, adult and old groupings the proportion 
of koalas with an oral complaint were young (TWC 1 and 2): 12.6%, adult (TWC 3 to 5): 45.4%, 
old (TWC 6 or >): 42%. 
 
The average FOHI was 3.78 ± 3.19, median 3.00. This is the mild category which was significantly 
higher (74.7%) in frequencies [χ2 (2, N = 253) = 0.00, p < .01] to moderate (20.6%) and severe 
(4.7%). As shown in Figure 5-2, proportionally as the number of koalas scoring only a single 
category decreases, the possibly of a case returning a severe score increases. Therefore, the more 
clinical conditions a koala had, the higher the chance that some of the conditions were scoring high 
index levels leading to the koala being labelled as having a severe condition. Moderate FOHI scores 
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were also significantly more frequent than the number of severe scores (U, = 1378.00, p < .001, r = 
-.67). Comparison of the GOCI severity levels showed between level significance [χ2 (2, N = 199) = 
106.71, p = 0.000] with 78% of the cases mild, 19% moderate and only 3% at severe levels. The 
OHI category also contained significantly [χ2 (2, N = 219) = 86.3, p = 0.000] different frequencies 
between severity levels, with mild having the majority of scores at 84.5% of the 219 OHI cases.  
 
Figure 5-2: Over 80 cases were mild with only a single oral problem. Koalas with a higher 
number of categories scoring an index had a more severe overall condition. 
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There was significant variation [χ2(6,N = 253) = 0.00, p < 0.001] between TW classes for all three 
major indexes The paired variations and graphing increase as age increases can be seen in Figure 
5-3 and Table 5-6. In the General Oral Cavity indexes the maximum score within each age class 
ranged between 5-7 except TWC 5 with a maximum of eight and TWC 7 with the highest 
maximum of 11, which is one less than the absolute maximum GOCI. The OHI maximum scores 
showed similar fluctuations with TWC 5 (6.85) and TWC 7 (8.40) maximum scores higher than the 
other TW classes (range 2.28-5.42).  
 
Figure 5-3: Whole koala population FOHI averages and s.d. A 
gradual increase in score levels with ageing is observable 
 137 
 
Although there were sex-dependent differences in other levels of analysis, at a population level 
when controlling for age there was no sexual difference in any of the three indexes. When 
examining the frequency of FOHI scoring in the moderate FOHI tallies females had 47.7% of all 
scores, males 22%. Again, in the severe category females made up 54.5% of the overall proportion 
of cases, males 45.5%.The overall population average progressive rate of decline over the seven 
tooth wear classes was 1.3% decrease in index value per class. Similarly the highest rated scores 
increased by 1.2% with each new TW Class. The breakdown per TW Class revealed that the rate of 
increase in decline between TW 1 and TW 2 was 2% but by TW 2, the number of new cases 
recording an oral health problem had declined by 10%. At TWC 3 and 4 complete oral health had 
Table 5-6: There was significant variations within each index when based Tooth 
Wear Classes. Each age class was represented. The effect size of the variations small 
to large with the lowest being 0.32 TWC 1 v 7 for FOHI and the largest between 
TWC 4 and 7 at 0.51 again for FOHI 
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improved, slowing the decline by 6% and 1.3% respectively. Although the overall oral health 
showed improvement, the number of new cases presenting with an oral problem at TWC 3 sharply 
increased by 20 new cases when compared to TWC 2 (5 new cases). This represented a 43% 
increase. This trend then slowed at TW 4 to a 1.5% increase following by another increase of 38 
new cases at TWC 5 (13%). At TWC 5, the decline in oral health also sharply increased at a rate of 
4.6%. This was continued through TW Class 6 and followed another sharp increase of 49 new cases 
(33%) together with an increase in decline of 1.82% at TW Class 7. These fluctuations can be seen 
in Table 5-7 of whole population descriptives shown on following page. 
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Table 5-7: Whole koala population descriptives 
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The sexes when controlling for age varied between severity levels [χ2 (2, N = 253) = 6.11, p = 0.04]. 
The mild and moderate category frequencies showed significance between the sexes in the whole 
population but the effect size of the variation was only minor at (U = 3963, r = - 0.159). The males 
had 81% of their scores at the mild level whereas females had fewer scores within the mild category 
at 68.5% of their scores. Females had a higher proportion of moderate scores (65.4%) to males at 
34.6%. Both sexes were equally proportioned with severe cases. In the whole population, 66% of 
the severe cases were within TWC 7. 
 
The median score for the GOC index was 3.00 with the most common score at 1.00. Proportionally 
77.8% of the GOCI cases were mild, 19% moderate and 3% severe. This made the mild category 
significantly more frequent than moderate and severe [χ2(2, N = 199) = 106.71, p = 0.00]. GOCI 
remained level between TWC 1 and TWC 2 as both contained 11 cases. The trend towards the 
number of general oral cavity cases increasing with age was high (R2 = 0.82). Noticeably there was 
a sharp increase at TWC 3 (TWC 2 = 11 cases, TWC 3 = 25 cases). This time in a koalas life is 
when breeding and increases activity as a juvenile adult begins. In Figure 5-4 it can be seen that 
TWC 5 and 7 contained the majority of severe cases, moderate levels were most frequent within 
TWC 2 and TWC 6. 
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The highest recorded OHI was TWC 7 female (8.40). A total of 219 koalas recorded an oral index, 
111 females and 108 males. The high frequency of mild OHI cases (185) was significantly different 
to the moderate (29) or severe (5) frequencies [χ2 (2, N = 219) = 86.30, p = 0.000]. Based on the 
visual chart scale (severity scale range) the OHI severity categories were TWC 1 mild [0.01-2.80], 
Figure 5-4: Dispersion over Tooth Wear Classes in the 
General Oral Cavity Index scoring. Only TWC 5 and 7 
showed severe levels in GOCI 
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TWC 2 – TWC 4 Moderate [2.81 – 5.60], and TWC 4 – TWC 7 severe [5.61 – 12.00]. From within 
the oral health data the possibility that an oral issue would be periodontally based was 36.5%. 
 
5.4.2 Colony Variations 
None of the facilities (including the free ranging clinic) provided ongoing dental care or monitoring.  
The colony populations; Free-range, Zoo 1, Zoo 2 and Zoo 3 showed variability in their frequencies 
when tested against each other for FOHI, GOCI and OHI scoring. The significant variations of 
FOHI [χ2(3,N = 253) = 16.06, p = 0.001] . The highest variation being between Zoo 2 and Zoo3 
(U=13.50, p = 0.004, r = 0.598) and free-range compared to Zoo 3. Zoo 3 showed less score intra-
variability (range 0.14 – 4.13) and fewer extreme values than the other colonies. The third zoo was 
the only group to have also had significantly better oral health than free-range koalas [χ2(3, N=253) 
= 0.001, p < .05] as seen in Figure 5-5 and Table 5-9. The maximum scores for the groups also 
showed Zoo 3 as having lower range (Zoo 1; 11.42 for a TWC 1 male, Zoo 2; 13.40, Zoo 3; 4.13 
and Free-range; 15.98). When index severity levels were categorized into mild, moderate and 
severity, all severity levels were similar between the colonies at the whole population final oral 
health index. Yet further comparisons between the three severity levels based on sex and tooth wear 
class revealed significant variation [Sex; χ2(2, N = 253) = 6.08, p = 0.000) TWC; χ2(2, N = 253) = 
42.83, p = 0.000)] 
 
Comparing captive against the free-range colony the number of oral health (OHI) cases by 
proportion were equal (74%|74%). GOCI proportions had the captive colony type as having fewer 
cases than the free-range (C = 61%| FR = 70.5%). The frequency between free-range and captive in 
these two classes was different with the majority of cases in TWC 1 being free-range (FR 7/C 4). In 
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TWC 2, the reverse occurred with 81.8% of the cases being young captive koalas. Between TWC 6 
and 7, there was an increase of 32 new cases.  
 
 
 
 
 
Figure 5-5: Colony mean variation and spread of standard deviations 
and outliers. Zoo 3 can be seen to have much better oral health when 
compared to the other colonies 
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5.4.3 Hospitalised Free-range Koalas 
General admission information showed 125 Koalas did suffer from systemic disease. Sixty percent 
of these koalas recorded two or more debilitating disease symptoms such as conjunctivitis, metritis, 
bursitis, pneumonia or cystitis. 3.2% recorded more than five systemic health problems. Twelve 
percent of the Koalas inflicted with diseases succumbed to road vehicle incident or dog attack prior 
to admission. Sixteen animals were recorded as unknown cause for admission. Six of the 
admissions could be released after treatment; 86 died both immediately prior to admission or during 
treatment and 108 required euthanasia.  
Thirteen and half percent of the koalas tested were orally healthy. Of the orally health koalas 66% 
were also in good body condition. Within the koalas, scoring an index 141 koalas recorded a GOCI 
Table 5-8: Koala colonies significant pairwise comparisons. Zoo 2 and Zoo 3 showed 
the highest level of variance with a large effect size of 0.598 
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score, 148 recorded an OHI score, 199 resulted in an FOHI score. The population had a good 
proportion of adults between the classes 3 and 6 (12.1-22%) with 28.3% of the population were ≥ 
TWC 7. Figure 5-6 shows that fourteen young koalas represented the remaining proportion of 7.5% 
of the animals. The free-range population sexes were closely equal in numbers (F=85, M=88). 
Based on the severity scale within the free-range koalas 67% recorded a mild final index (FOHI) 
with an average of 2.28 (s.d 1.44), minimum 0.14, and maximum score 5.13. Following this 22% of 
the koalas scored within the moderate FOHI index scale, average 7.46 (s.d 1.51), minimum 5.41, 
maximum 10.13, and 11% scored severe, with an average FOHI of 12.29 (s.d 2.09), minimum 
10.56, maximum 15.98. The descriptives of the free ranging koalas’ oral health can be reviewed in 
Table 5-10.  
Figure 5-6: Proportional spread of data of the free-range Koala. The three major indexes Free-
range Koalas showing that the largest percentage of animals range between 3 and 7 tooth classes.  
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Table 5-9: Whole free-range koala population descriptives 
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The final index tallies for each tooth class showed some difference between classes [(6, 173) FOHI 
x2 = 46.70, p = 0.000] Figure 5-7. The classes significantly different were TWC 1 and 6 (U = 36.50, 
p = 0.008, r = 0.46), TWC 1 and 7 (U=44.00, p = 0.000, r = 0.46), TWC 2 and 6 (U=21.50, p = 0.02 
= r = 0.41). The variance between TW classes 3 and 6 was moderate (U = 149.50, p = 0.20, r = 
0.348) and TWC 3 and TWC 7 showed a moderate variance (U=205.50, p = 0.000, r = 0.47). TWC 
4 and 6 were closely tied in number of koalas (28|24) yet they had significantly different scoring (U 
= 158.00, p = 0.001, r = 0.453). TWC 4 (avg = 2.00) and TWC 7 (avg = 6.19) were largely variable 
in their scoring (U = 191.00, p = 0.000, r = 0.597).  
 
Figure 5-7: Free-range distribution of FOHI average showing a steady increase 
through the ages 
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There were 141 GOCI cases with the median index at 3.00, minimum 1.00, maximum 11.00. This 
single case of index 11.00 was the highest GOCI score in the whole koala population. The trend 
towards the number of general oral cavity (GOCI) cases increasing with age noticeable in Figure 
5-8. Noticeable also was the sharp increase at TWC 3. The GOCI of the free-range population on 
testing whether there were differences between TWC was identified as significant (KW: Total N = 
141, population median = 3.00, Median test statistic = 22.80, df = 6, p = 0.001). By way of Mann-
Whitney testing the significant pair of Tooth Wear Classes were TWC 4 and 7. All other age classes 
were similar in median values. Eighty-seven percent of the GOCI index frequencies were between 
scores 1.00 and 5.00. There was a significant difference between the frequencies of mild, moderate and 
severe [(χ230, 141) GOCI = 284.43, p = 0.000, r = 0.385]. One hundred and forty-eight OHI free-range 
cases with the average OHI index of 1.56 (s.d 1.36), minimum 0.14, maximum 6.12. There were only 
Figure 5-8: Increasing levels of severity of GOCI, which indicates an increase in oral 
anomalies occurring as animals’ progress with age. 
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three severe OHI index cases (Figure 5-9) which created a significant variation between the severity 
level frequencies [(χ2104, 148) OHI = 296.00, p = 0.000, r = 0.84].  
 
5.4.4 Captive Koalas  
The three zoos ranged in quantity of koalas, quality of environment and population disease risks. In 
Zoo 1, the majority of the animals are generally housed in concrete based wire enclosures. Fresh 
foliage is provided daily. Animals are kept in either single or two – three animal groups. The 
enclosures are kept clean and relatively contaminant free. The animals are rotated to a 
Figure 5-9: Free-range sexual variations in severity levels. The only severe 
cases had an average OH index of 6 and were female. 
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viewing/handling area for park visitors to observe the animals. The viewing area contained pole 
stands with buckets of natural eucalyptus tip, natural sunlight and protection from the elements. Zoo 
2 and Zoo 3 provided natural viewing areas as permanent housing for the animals. These enclosures 
are soil-based settings with additional vegetation (shrubs, trees) growing naturally in the 
compounds. Fresh cut foliage is placed in the areas daily. Intensive care facilities at both facilities 
are concrete based wire enclosures. Animals placed into intensive care at Zoo 3 were provided with 
tubs of soil and water. Animals at Zoo 2 and Zoo 3 are kept in subgroups of between 2-6 animals. 
The three facilities provided foliage from plantation and natural forestry. 
 
Koalas within the groups had previous been inoculated with a range of preventive medications 
widely used in koala husbandry, e.g. Canvac-BB (CSL) preventive against Bordetella 
bronchiseptica. Keepers and veterinarians also reported that several koalas had undergone previous 
antibiotic therapy and steroid treatment. Dental care was provided when visual signs such as 
extreme facial swelling or discharge was observed pers.obs. Koalas in all three colonies were within 
an exchange program for breeding and exhibit purposes. In the population examined the original 
birthplace of the koalas were either from within the individual zoo, from exchanging zoo, island 
populations in Queensland or now defunct tourist theme parks from Queensland and New South 
Wales. Zoos 1 and 3 participate in overseas transfer of koalas. All zoos performed annual complete 
health checks of their koalas, although dental health was not a part of the examination routine. Zoo 
3 reported a history of Cryptococcus neoformans infections, in Zoo 1 Koala Retrovirus (KoRV) was 
asymptomatic. Both zoos reported sporadic disease deaths.  
 
The overall body condition of the captive animals was graded as good (84), 11 koalas were 
diagnosed as in poor condition (Zoo 1= 5, Zoo 2=2, Zoo 3=4) with both sexes represented. Two of 
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the animals in poor condition died one week after examination (Cryptococcus neoformans and 
leukaemia). Within the animals in poor condition three were being paste fed to maintain weight in 
old age, three had enlarged lymph nodes, one nasal discharge and swollen eyelids, one ringworm 
and arthritis, one Cryptococcus infection and two had a history of poor growth.  
 
In the captive population of 95 koalas ages ranged from seven months to 14 years. Fifteen animals 
(16%) did not have any oral problem. The proportion of animals with an oral disorder was 84.2%. 
The zoos were significantly different [χ2(2, N = 15) = 0.00, p < .05] to each other in the proportion 
of healthy koalas in their zoo. The prevalence of healthy animals within each zoo’s population was 
Zoo 1 - 5%, Zoo 2 - 36%, Zoo 3 - 32%. The average FOHI for a captive koala is 3.57 (s.d = 0.34). 
Analysis showed that Zoo 3 was significantly healthier in FOHI levels (than the other three groups 
(Zoo 1/Zoo 2/Free-range) [χ2(2, N = 95), =17.319, p >.05] and had a much lower mean of 1.44 ± 
.51, and range 0.14 - 4.13. The maximum scores for the other groups were at severe levels, Zoo 1; 
11.42, Zoo 2; 13.40. Average FOHI severity levels ranged between 2.15 for mild, 7.08 moderate 
and 11.98 severe. The mild level was statistically different [x2, ( 2, N = 80), 43.48, p = 0.05] to 
moderate and severe based on it have the double the number of cases. Comprehensive captive 
descriptives can be viewed in Table 5-11. 
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Table 5-10: Descriptives for Captive koalas based on the three major chart indexes 
FOHI, GOCI and OHI 
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The captive population average rate of oral health decline between the ages of 1 and 15yrs is 1.04% 
of animals in any given density of koalas per year. There was no significant difference between the 
age classes based on the FOHI. The adjusted age after TWC 1 did show a progressive incline 
towards poorer oral health, however when using actual ages the incline did not follow the same 
graduation (Figure 5-10) seen in the free-range population (Figure 5-7).  
 
 
Figure 5-10: Captive averages and high scores based on Actual Age. The 
spread of the data shows a disturbed pattern of variability with no steady 
increase with age as seen in the free-range koalas. 
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Females had a higher proportion of scores ranging the index level of 3 than males whereas the 
opposite was present at the index level 2.5. Further variations can be viewed in Figure 5-11. 
Females had a higher average GOC index with the highest GOCI recorded eight out of a possible 
twelve. Females also recorded a higher average OH index than males (F=1.09/M=1.08). This was 
despite males recording the highest OH index recorded (8.40, 14yr). Male koalas reported an initial 
index level of moderate at 1yr (µ4.6 ± 2.44). At age 4yr (µ0.75 ± 0.34), this had improved by 45%  
to be a mild problem. Females between 1yr and 4yr increased in oral health problems (1yr µ 0.00 ± 
0.00/4yr µ 3.20 ± 1.1); there was then an improvement in health between the ages of 5 (µ 1.99 ± 
0.75) and 6 (µ 1.67 ± .78) in females. During this age period males saw an opposing result where 
male oral health rapidly declined (5yr µ 1.56 ± .78/6yr µ 5.44 ± 1.7) and then at age 7 vastly 
improved (µ 0.28 ±0.00). Age 7 was the period in which females saw the severity of oral decline 
from an average at 6yrs of 1.67 to 8.36 at 7yrs. They reached their highest peak in oral health issues 
Figure 5-11: Captive sex variations based on frequencies. The 
Final Index scale shows the differences between the sexes in the 
quantity of cases of each sex as the  severity (y-axis) increases. At 
an index level of 2.5 the males have 7 cases, the females however 
have 3 cases. The opposite occurs at around an index of 4 where 
the females have 8 cases and the males 1 case. A similar pattern 
happens further up the final index scale 
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at this age. Males koalas saw a gradual decline in oral health during the ages of 7 (µ 0.28 ± 0.00) to 
9 (µ 5.70 ± 0.57) until at age 10 (µ 4.92 ± 4.9) it had improved slightly. Females after a sharp 
improvement at 8yrs old (µ 2.83 ± 1.55) when compared to 7yrs (µ8.36 ± 1.26) then saw an equal 
gradual decline in oral health to that of the males that by 10yrs (µ 5.62 ± 2.35) was continuing to 
climb in severity.  
 
Zoo 2 recorded the highest average Final Index at 4.11 (± 1.5) followed closely by Zoo 1 on 3.66 ± 
0.39. At 0.98 ± 0.24 Zoo 3 recorded a minimal dental problem throughout the population of 25 
koalas. A similar result between the zoos was evident in the GOC and OH average index levels. 
Zoo 2 recorded the greatest proportion of problems (GOC 3/OH 1.56 ± 0.80) followed closely by 
Zoo 1 (GOC 2/OH 1.32 ± 0.18). Zoo 3 GOC and OH average index levels (GOC 1/OH .34 ± 0.13) 
were 75% lower than Zoo 1 and 2. Zoo 2 recorded the highest Final Index at 13.40.  
 
 Discussion 5.5
Surveys have been frequently used on koalas in research based on their ecology, age distribution, 
specific health problems and importantly, koala population densities (Lunney et al., 1990, Reed et 
al., 1990, Canfield, 1991, Canfield, 1989). Survey type research is quite common in oral health 
science. Epidemiological surveying have been used in the study of distribution, severity and site 
location of oral health conditions (Eccles, 1979, Aitchison and Spence, 1984, Alexander, 1970, 
Maatouk et al., 1998, Gaengler et al., 1988). The use of indexes in dentistry has enabled easier 
description and collective grouping of certain characteristics that through consensus describe an oral 
condition. In each index are a set of clinical definitions, for example in the Gingival Index (GI) 
frequently used in dentistry are the definitions for inflammation and bleeding which through 
research have been found to make up the condition called gingivitis (Loe, 1967, Loe and Silness, 
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1963). Altogether, this all makes studies easier to research and report. The GI index is just one of 
many indexes used to report human and animal oral diseases and anomalies (Ainamo et al., 1982, 
Lentle, 1998, Fischman, 1986). 
 
The indexes developed in Chapter 4 and reported here operate in the same manner as the GI or any 
other index. Each koala index can be studied on multiple levels (as shown in Figure 5-12) when 
independent variables such as sex, TWC or colony are added. Visual binning was performed to 
check severity values. For FOHI the values were altered to separate categories by equal proportions 
based on the lowest and highest indices recorded in the whole population. Similar binning checks 
were done on the GOC and OH values. The cutoff values for each severity category were found to 
be correctly proportioned after comparing true high/low population indices against the original 
cutoffs which were determined using quartile descriptive analyses. This all showed that the index 
system was robust and would reveal true levels during the investigation of the oral health 
population dynamics of the koala.  
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The major index level of the koala oral health chart is the FOHI. The final oral health index 
provides us with an overall perspective of oral health of the koala as a species. The prevalence of 
oral disorders in the koala population is 86%, this is similar to the rates recorded in old donkeys and 
humans (du Toit et al., 2008, Klausen and J.G., 1983) and the proportion for adult koalas of 42% 
ranges between two studies on horses (17-43%) (Kirkland et al., 1994, Uhlinger, 1987). In the 
captive population, 84.2% recorded an oral disorder. Captive tufted capuchin monkeys (Cebus 
paella) have also showed a high prevalence (72%) to oral pathologies (Fecchio et al., 2008). Within 
the results presented here it was shown that the average level of orally related issues in the koala are 
variable with Zoo 1 and Zoo 2 having higher population averages than both the free-range and 
whole population. Zoo 3 average was much lower than all other groups, indicating the animals in 
the zoo have very healthy oral cavities on a population level. However, the results also indicated 
Figure 5-12: The indexes (in capitals) and their category labels that make 
up the Final Oral Health Index - FOHI 
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that there was a wide range of index values indicating that individual koala oral issues are 
fluctuating in dispersal.  
 
Captive koalas showed high scoring at young age with the highest score being 11.42. The free-
range group highest score for the same age class was 3.84. In the whole population and free-range 
group there was increasing severity with age. Whole population FOHI differences based on TWC 
did not extend to the GOCI or OHI levels. This indicates that significance achieved during FOHI 
statistical testing was generally weak. Only comparisons between tooth wear classes 1 and 7, and 4 
and 7 showed any FOHI significance. The spread of final index scores produced levels within the 
severe range. Koalas with major oral health issues were generally from the oldest age class TWC7. 
Despite severe disfigurement of the oral cavity, koalas like the animal shown in Figure 5-13 
continued existing in the environment until wasting or systemic disease brought them into captivity. 
Similar results were found in raccoons (Hungerford et al., 1999). The measures used in the raccoon 
study included the Gingival Index (GI), Attachment Loss (CAL) and Calculus Index (CI) which 
have comparable indexing to that developed in the Koala Oral Health Chart (Hungerford et al., 
1999). From the raccoon study young and juvenile animals frequently scored normal and healthy on 
the measures used (Hungerford et al., 1999). Similarly, here 64% of the animals scoring normal 
were young koalas. Sub adult orangutans have also been found to be free of dental disease (Stoner, 
1995).  
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If comparing whole population and sub population level data between sexes in this study there was 
only a variation when using severity levels (mild, moderate, severe) and averages. In the whole 
population FOHI moderate level females had higher frequency than males, the severe level showed 
similar results. When grouping animals as young, adult or old it was only within the old population 
that there is a slightly higher count based on the whole population. The whole population OHI 
score, average captive GOCI and OHI plus the free-range OHI all favored the female as having 
higher scoring range. In the raccoon survey (Hungerford et al., 1999), sexual variations were found 
based on the indexes but not for age. Dental disorder sexual variation has been found in orangutans 
and in this species the female difference was higher when looking at the frequencies of dental 
pathologies in the old animals (Stoner, 1995). In the captive animals in this study however, the level 
of severity showed less variability and a lower level of increase over the ages. 
 
In examining the GOCI the index value also equals the number of categories a koala has had an 
abnormal finding. The highest number, which is also the number of categories available, is 12. The 
Figure 5-13: TWC 7 koala showing severe oral 
recession with underlying bone loss 
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highest number of categories scored by a koala was 11 for a TWC 7 male. The median score based 
on the whole population was 3 which interprets as; on average most koalas will have three 
anomalies in this section of the chart. Six age classes from adult through to old recorded five or 
more GOCI categories. In the red fox (Vulpes vulpes) there were eight categories classified as 
specific abnormalities to the species (Szuma, 1992). Foxes recorded multiple category rates of 
16.0% ,17.3% and 21.7% in different studies (Gisburne and Feldhamer, 2005, Nentvichová and 
Andĕra, 2008). 
 
During the early research discoveries of the major systemic diseases chlamydia and Cryptococcosis, 
significant information became available on the extent, severity and pathological progression of the 
diseases. These early reports established the characterization of the relationship between the 
animals and the diseases. In an early study of the patterns, causes and effects a Cryptococcal 
infection had on captive koalas, part of the description detailed maxillary swelling, sinus lesions and 
the invasion of these lesions into the nasal cavity and palatine bones (Gardiner and Nairn, 1964). 
This was the first link between this disease and the oral cavity. These nasal lesions with facial 
distortion and lip lesions from a Cryptococcus neoformans var. gatti infection are now clinical signs 
of the disease activity, which generally leads to pneumonia (Krockenberger et al., 2003). Yet as 
shown in Chapter 3, these oral clinical signs were not followed or detected and monitored. Whereas 
they could have been a useful indicator as to the stage of disease development in admitted patients.   
 
This chapter has provided the baseline parameters of free-range and captive koalas in South East 
Queensland. The index descriptions provided are based on population level statistics. In the free-
range koalas, the study presents the natural history of dental disorders plus the number of major 
pathological conditions. In both the free-range and the captive, the information here is a 
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combination of present and past disorders. The objective of reporting this information is that in 
future oral cavity studies and surveillance of the oral health of koalas these parameters will provide 
a set of levels to be utilized when comparing other koalas. Declines or improvements in oral health 
will be easily detected through usage of the information detailed in this chapter. Furthermore, 
ecological variations including seasonal differences or additional risk factors involved in any 
decline of koala population levels could be attainable through using the data presented here. The 
index levels mentioned here for captive colonies could provide information useful in initial health 
examinations prior to breeding programs or zoo-to-zoo and overseas transfer of animals. Most 
importantly, captive populations would supply a readily available resource for further research into 
any connections between poor oral health and systemic or environmental issues currently 
dominating koala population declines.   
 
This study has identified that oral complaints are prevalent in both captive and sick or injured free-
range koalas. There may be some bias in the results shown in this chapter due to the selection 
process. The free-range hospital is for sick or injured therefore it is unusual to get a very healthy 
animal.  
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: Periodontal Disease in Rehabilitated Free-range Koalas Chapter 6
in South East Queensland 
 
 
 Abstract 6.1
Periodontal disease is highly prevalent in the koala at rates equivalent to other species. Fifty percent 
of the population had gingivitis. The gingivitis index average was 0.60. Based on the population no 
variation based on sex was identified. However, when examined within the age classes sexual 
variation of the number of gingivitis cases varied. At tooth site level, there were 240 cases with the 
mandibular incisors recorded with most gingivitis cases. Calculus deposits were present in the oral 
cavities of 173 koalas, with 27% showing no other sign of periodontal disease. The average calculus 
severity index for the population was 0.95. The number of calculus sites increased with age. The 
lower incisors, upper incisors, lower M2 and M3 gingiva were the prevalent sites for perio-pockets. 
Abnormal probe depth was a localized event in 30 cases and generalized throughout the oral cavity 
in 26 koalas. Pocketing was found in 1086 sites in the maxilla and 835 sites in the mandible. The 
correlation between pocket depth and loss of attachment became stronger with ageing. 
 
All tooth sites with bone loss had vegetation compacted within the site. Interdental bone loss 
occurred between 202 teeth of 60 koalas. Fifty percent of the koalas were from TWC 7. In the 
maxilla, 90% of the interdental space bone loss was between the M2 and M3. There were 41 koalas 
with furcation bone loss. The mandible had 74 cases of furcation loss, the maxilla 49. The M2 in 
both jaws had the highest frequencies between all teeth. Tooth mobility incidences were isolated to 
 163 
 
17 animals. The average mobility score was 0.79 (mild). The highest frequency of mobility was 
seen in the upper second and third incisors (53%). 
 
The odds of having periodontal disease are 1.8 times greater as the koala ages. Additionally, a koala 
with PD is 2.9 times more likely to have compacted vegetation within the sites than a koala without 
PD. The presence of systemic disease showed a similar trait with odds between 1.1 and 5.2 greater 
if a koala had PD. This study has shown that Periodontal Disease is a constant condition of the free-
range koala. The findings show the presence of naturally occurring PD and the extent and severity 
of the disease. Any future research on PD in the koala can be compared with the baseline results 
presented here. 
 
 Introduction 6.2
Periodontal disease (PD) has been found in most free-ranging mammal examined with studies 
showing that naturally occurring periodontal disease can be present. Naturally occurring periodontal 
disease in deer mice (Peromyscus) resulted in bone loss at the furcation and loss around the tooth 
roots to the apical third in 3.7% of the population (Wiebe et al., 2001). Wild Marmosets 
(Callithricidae) have alveolar infections at a rate of 10.1% of the population (Hershkovitz, 1970). 
Extent and severity based on natural rates of periodontal pathologies have also been found in 
dolphins, warthogs and bush pigs (Goldman, 2002, Woodall, 1989). The nature of periodontal 
disease progression has been widely studied in horses, donkeys, cattle, dogs and cats, with artificial 
studies leading to further understanding the intricate workings of mobility, recession and bone 
resorption (Ericsson and Lindhe, 1982, Hamp et al., 1984, Lindhe et al., 1975, Lindhe and 
Svanberg, 1974, Sorensen et al., 1980, Clarke and Cameron, 1998, Dobereiner et al., 2000, du Toit 
and Dixon, 2011, Mallonee et al., 1988, Reichart et al., 1984, Dixon et al., 2000b). 
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Periodontal disease is a chronic inflammatory disease initiated by bacteria in subgingival dental 
plaque and presents mainly as two forms, gingivitis and periodontitis. In gingivitis, there is 
increasing gingival redness and bleeding, increasing inflammation and bleeding leads to the entry of 
more plaque bacteria. Removal of plaque and treatment can clear the disease. There is a relationship 
between progressive gingivitis and periodontitis. In periodontitis there is a loss of gingival integrity 
which leads to pocket formation, gingival recession and alveolar bone loss eventually resulting in 
tooth mobility and eventual tooth loss (Anon, 2005). In animals, additional factors that can 
contribute in the disease progression have been identified (Aitchison and Spence, 1984, Cheo et al., 
1948, Dixon, 2002). In herbivores the grazing on tough fibrous plant material can result in material 
becoming compacted between the teeth creating diastemata (du Toit et al., 2009a). The molariform 
teeth are usually more susceptible to vegetation compaction and periodontal disease (Samuel and 
Woodall, 1988, du Toit et al., 2009c). When periodontitis creates further deterioration of supporting 
bone the vegetative material moves into these areas, even into the alveolar bone marrow (Cheo et 
al., 1948). Additional medical, ageing issues, genetic and physical conditions, including pregnancy 
are also known to be linked to PD, generally as secondary factors, changing the susceptibility and 
severity of PD (Silness and Loe, 1964, Beck et al., 2000, Genco and Lȍe, 1993). 
 
 Materials and Methods 6.3
6.3.1 General Examination Criteria 
To assess the periodontal health of free ranging koalas 200 animals (101 female/99 male) were 
examined. All koalas were rescued from the wild and admitted for assessment at the Moggill Koala 
Hospital, Brisbane over the study period of two years. The same investigator (LMP) performed the 
oral examinations to standardize readings either during clinical assessments under anaesthesia by 
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MKH staff or post mortem. The koala oral health chart developed in Chapter 4 was used to assess 
all animals. 
 
6.3.2 MKH Data and Modifications for this Study 
The clinical MKH admission sheets and autopsy sheets (if applicable) were obtained on each 
animal. The information included: body mass, tooth wear class (TWC), gender, head and body 
length, current disease status, location of origin, general body condition and treatment provided or 
autopsy results. The general body condition indicators used at MKH are; body score, fur grade and 
general appearance. Body scores are based on a scale of 0-10 (0-severe cachexia, 10-excellent 
condition). Fur grade is scored at 0-3 with 0 being excellent. General appearance is scored at poor, 
fair and good. The TWC estimations by Moggill staff followed their adaptation of Gordon’s (1991) 
original method as mentioned in Chapter 3.  The range of TWC’s used by Moggill staff were 1 – 
20. These were modified to the adaptation taken by Jackson(2000) where all animals classed as 
TWC 7 or above were placed within that TWC. Therefore, seven assigned tooth wear classes were 
analysed in this study. 
 
6.3.3 Periodontal Disease Assessment 
For periodontal disease assessment, the following categories of the koala oral chart were used: 
Calculus, Bleeding, Inflammation, Mobility, Pocket Depth, and Periodontium. Additionally, the 
clinical diagnostic methods; Gingivitis Index, Attachment Loss (Glavind and Lȍe, 1967, Russell, 
1956), and Furcation Bone Loss (Carnevale et al., 1995) were determined from the additional 
information recorded for each case. The normal probe depth was measured in Chapter 4 to be an 
average 0.7mm, range 0.5mm to 1mm (N=200). For determining attachment loss a depth of 2mm or 
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greater was applied following the criteria  of the American Veterinary Dental College and the 
American Academy of Periodontology (Anon, 2003, AVDC, 2010). 
 
For recording the conditions calculus, bleeding and inflammation into indexes the following 
applied. The oral cavities were examined by division of the teeth into collective oral units shown on 
the oral health chart. The oral units were maxillary incisors, canines, premolars, molars and 
mandibular incisors, premolars and molars. Tooth names were abbreviated according to tooth types, 
(I = incisor, PM = premolar, C = canine, M = molar). Each site was assessed by scoring the 
coverage of calculus, bleeding, and inflammation on all clinically visible surfaces of the individual 
teeth within each site and the highest score achieved was the score for that particular oral unit. 
Individual methodology is mentioned after, however for each condition the grading for each index 
was 0 – 3. For example, within this scale 0 classified a koala or site as having no index, >0.14 to 1.0 
categorized a mild level, 1.1 – 2.0 moderate and 2.1 – 3.0 severe. 
 
 Calculus 6.3.3.1
Calculus was recorded for each oral unit using the visual chart aid produced in Chapter 4. Also 
recorded was whether the deposit was supragingival or subgingival. Index levels were based on 
quantity of a deposit and were 0 = no deposit, 1 = 25%, 2 = 50%, 3 = 75% ± a subgingival deposit. 
 
 Bleeding and Inflammation (Gingivitis) 6.3.3.2
Bleeding and inflammation was recorded for each oral unit using the visual chart aid produced in 
Chapter 4. Bleeding was assessed using a Williams probe by moving the probe around the gingival 
sulcus of each tooth. Bleeding index levels recorded were 0 = No bleeding, 1 = Very small speck of 
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blood at probing site, 2 = A droplet of blood appears on probing but stays in that area, 3 = Blood 
spreads out along the gingival crevice surrounding the tooth. Inflammation index scores were 0 = 
No inflammation, 1 = There is line of redness at gingival margin, 2 = Redness is brighter than 1and 
there is mild swelling, 3 = Severe swelling and redness. In the koala chart, gingivitis has been 
separated into two categories, Inflammation and Bleeding. Either the usage of the indexes 
Inflammation and Bleeding can be as separate entities or combined to determine extent of gingivitis 
in a population. Therefore, the reported combinations for determining gingivitis are: 
Bleeding = Gingivitis 
Inflammation = Gingivitis 
Bleeding + Inflammation = Gingivitis 
 
 
 Pocket Depth, Gingival Recession and Attachment Loss 6.3.3.3
To determine the number of cases, extent and severity of attachment loss (AL) the two components 
of AL, pocket depth (PD) and gingival recession (GR) were recorded. Pocket Depth was defined as 
the distance from the free gingival margin to the bottom of the pocket. The position of measuring 
around any given tooth was disto-buccal, mid-buccal, mesio-buccal, disto-lingual, mid-lingual or 
mesio-lingual, depending upon the location of a pocket. In teeth where tooth attrition allowed 
interdental access, distal and mesial measurements were recorded. Each distance was measured to 
within 1mm using a Williams probe or digital calipers. Duplicate measurements were recorded. If 
rounding was required, it was to the lower whole millimeter. The average of the duplicate 
measurements for each tooth site was used in the statistical analysis. Gingival recession was defined 
as, the distance from the cemento-enamel junction (CEJ) to the free gingival margin. This 
assessment was assigned a negative value if the gingival margin was located coronal to the CEJ 
Recession was only recorded if the probe depth measured above the standard greatest depth of the 
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koala gingival sulcus which was determined to be 1mm plus the maximum standard error of 
measurement as discussed below. Periodontal AL was calculated as the mathematical sum of PD 
and GR measurements. Attachment loss was declared if 2mm or greater as stated by the American 
Academy of Periodontology.(Anon, 2005) 
 
In cases where the CEJ was difficult to detect the following method originally developed in Chapter 
4 was utilized. Any subgingival calculus was removed prior measuring. On recession the stain 
deposit line clearly defines the original position of the gingival margin. The line seen on adjacent 
teeth can aid in assessments of other teeth. Where the CEJ was difficult to determine the relative 
attachment loss (RAL), using this landmark was utilised. To adjust the RAL measurements to be 
compatible with the CAL measurements 20 lower incisors and 20 molars were stained using 2% 
crystal violet solution for 3 minutes, washed and the measurement from the stain to the CEJ 
recorded. The mean distance between the CEJ and the base of the stain was 1mm (SD 0.02). To 
calculate the adjustment, the formula: [RAL - 1mm = CAL] was used (Armitage, 1996). 
 
For analysis each measurement, tooth name, TWC, sex and ID of koala were recorded on 
spreadsheets. To assess the accuracy of the measurements taken by a single operator for PD and GR 
in Chapters 6 and 7 the following measurement error testing (Perini et al., 2005) was performed. 
Using 15 koalas with indications of periodontal disease and requiring euthanasia, a measurement 
was taken with the Williams probe and again using the digital calipers, with scoring calibration 
accuracy set to 0.01. To allow clear access for measuring the cheeks were sliced lengthways, 
tongues removed and TMJ separated. At each site, the measurement method was repeated and the 
measurement error calculated between using the probe method and the caliper method. The 
mathematical equation for technical error of measurement is TEM = √ (∑d2/2n). The measurement 
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error for Pocket Depth: mean 0.062 (se 0.012), minimum 0.005, maximum 0.18 and Gingival 
Recession: mean 0.038 (se 0.014), minimum 0.003, maximum 0.168 between both instruments 
showed minimal variation in data accuracy occurred between the techniques. 
 
 Bone Loss 6.3.3.4
Horizontal and vertical bone loss was assessed by the presence of furcation involvement, or 
interdental bone loss. To detect loss, any koala showing periodontal pockets and gingival recession 
were assessed. Initially a periodontal probe was moved around the tooth, when loss was detected 
the degree of loss was recorded using the criteria (Carnevale et al., 1995) shown in Table 6-1. 
Interdental bone loss was assessed as the presence of interdental craters. 
 
Table 6-1 : Bone Loss Criteria and Scoring 
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 Mobility  6.3.3.5
All animals assigned a 1 (abnormal) using the guidelines for Mobility; i.e. if a tooth moved within 
its alveoli or teeth lost where there was evidence of bone resorption around the furcation and apical 
portion of the roots were collated on spreadsheets for analysis. Teeth that were rotated or moved out 
of the normal position of the tooth row, with evidence of loss of support within the region were also 
regarded as cases of mobility.  
 
 Breathe 6.3.3.6
Halitosis cases were recorded as present (1) or absent (0). The oral cavity of ten periodontally 
healthy koalas was smelt to identify what clinically defined a fresh breathe. The scent of eucalyptus 
with a hint of woody earthy odours represented the fresh breathe of a koala. Odours of rotting 
vegetation, anaerobic bacterial foulness represented halitosis. 
 
6.3.4 Statistical analysis 
For analysis of data SPSS Version 17 (SPSS Inc., Chicago USA) was used throughout this study. A 
value of P = 0.05 established statistical significance. For the population studies the work of Hair et 
al (2006) and Akcakaya et al (1999) was followed. Distribution normality was not achieved in 
several data groups these were left skewed. Square root transformation or selection of non-
parametric testing was used to analysis the data. Descriptive analyses were performed on 
information of the general health of the 200 Koalas examined. Statistics were generally based on 
several levels of analysis. Each PD condition was analysed 1) within all cases, 2) within individual 
cases, 3) TWC, 4) Sex, 5) Tooth Type, and 6) Tooth Site. Descriptive analyses were performed on 
all categories shown within the methodology. Independent T-Tests were performed on the 
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frequency of calculus deposits in the oral cavities. Calculus frequency was analysed for TWC, site, 
jaw and sex. Non-parametric testing was performed using Kruskal-Wallis with post-hoc testing by 
Mann-Whitney analyses. If multiple Mann Whitney tests were required, Bonferroni correction was 
applied to the significance level. Percentage proportion calculations were used in some analyses to 
calculate significance.  
 
The proportion of gingivitis cases in the population was analyzed using basic univariate statistics. 
To examine whether calculus was present when gingivitis was recorded presence or absence of both 
clinical signs were assessed by each tooth site. Correlation of severity of gingivitis and severity of 
calculus in cases where both were present was analyzed using bivariate correlation. Chi-Square test 
compared sex difference. Kruskal-Wallis testing compared TWC gingivitis cases. 
 
For pocket depth, gingival recession and attachment loss the recorded measurements were ranked 
and percentile cut-off values applied to convert the interval data into categories of <4mm (mild), 4-
6mm (moderate), <6mm (severe). Interval data was also analysed by descriptive statistics based on 
jaw, tooth type and tooth site. A One-way ANOVA with Tukey HSD post-hoc analysis was 
performed on the interdental space bone loss frequencies to discover the most frequent sites for 
bone loss along the molariform teeth. 
 
A binary logistic regression was performed to ascertain contributing factors in cases with 
periodontal disease. For this multivariate analysis the data was changed into binary coding 0 = No, 
1 = Yes. A crosstabs analysis was initially performed to review risk statistics of independent 
variables. The independent variables were TWC, Sex, Systemic Disease presence, Vegetation 
Compaction presence, and Occlusion status. The last two variables were selected based on evidence 
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from Chapter 4 which identified that these were at a proportion of >50% presence within the chart 
study population. 
 
 Results  6.4
6.4.1 General Examination Data 
The free-range population age distribution is shown in Table 6-2. General admission information 
showed 75 koalas had no clinical signs of disease while 125 suffer from disease totaled with 60% of 
these koalas recording two or more debilitating disease conditions such as conjunctivitis, metritis,  
 
 
bursitis, pneumonia or cystitis, 3.2% recorded more than five systemic health issues. Of the koalas 
inflicted with diseases, 12% were involved in road vehicle incidences or dog attacks prior to 
admission. Sixteen animals were admitted with an unknown cause for admission. Six of the 
admissions were released after treatment, 86 died and 108 koalas required euthanasia. Seventy-four 
percent of the free-range koalas had a periodontal health condition and this is discussed below. 
 
Table 6-2 : Koala Distribution over Age and Sex 
 173 
 
6.4.2 Periodontal Disease Assessments  
6.4.3 Gingivitis 
There were 103 (50% of population) cases identified with gingivitis conditions. Inflammation only 
was present in 99 cases, and bleeding only in 70 cases. Inflammation and bleeding were present in 
64% of the gingivitis cases. The range of gingivitis index levels was between 0.14 and 2.57. The 
average index levels for the population were Inflammation 0.58 (sd. 0.51, mdn. 0.42, min. 
0.14/max. 2.57), Bleeding 0.51(sd. 0.47, mdn. 0.28, min. 0.14/max. 2.14), and Gingivitis 0.60 (sd. 
0.54, mdn. 0.42, min. 0.14/max. 2.57). The most frequent index score was 0.28 scored in 23 koalas. 
The severity of gingivitis separated into 86 mild, 12 moderate and 5 severe cases (Figure 6-1). 
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There was no significant variation in the overall recorded number of gingivitis cases by sex 
(M=51/F=52; Chi-Square df 1= 0.020, p = 0.88). There was however a sexual difference within the 
age classes. As a whole population, there was a 50% drop in gingivitis cases in both sexes from 
TWC 1 to TWC 2. By TWC 3, gingivitis signs were present in 39% of the class population (Table 
6-3). Gingivitis prevalence increased with continuing classes until at TWC 7 78% of the class were 
infected with gingivitis making this class significantly different when compared to all other classes 
(x2 25.45, df = 6, p<0.01). Primarily the number of female gingivitis cases, represented 38% of the 
whole population’s gingivitis cases and 26% of the complete female population contributed to the 
difference in TWC 7. This was double the number of female and male cases in TWC’s 5 and 6, and 
higher than the collective proportion (27%) of all female gingivitis cases between TWC 1 and 4. 
Figure 6-1: Sex based frequency of free-range gingivitis severity 
levels (N = 103) 
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Two hundred and forty tooth sites had gingivitis. The number of sites a koala would have gingivitis 
frequently ranged between one and three sites (84% of total sites) with only 11 koalas recording 
between five and seven sites. Comparing the jaws (Figure 6-2) the maxillary incisors and canines 
represented 81% of the total tooth sites (n = 149). Gingivitis cases of the mandibular incisors 
represented 68% of the total mandibular tooth sites (n = 91). 
 
 
 
 
Table 6-3: Proportions (n=103) and frequencies of Gingivitis 
in the Free-Range Population (N = 200) 
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Localized inflammation, bleeding and gingivitis activity was more prevalent then generalized. 
Single sites of inflammation or bleeding were identified in 45% of cases. Having two adjacent sites 
were found in 38% (inflammation) and 36% (bleeding) cases. Generalized inflammation was 
identified in 12 koalas with three sites, one koala with all seven areas. Twelve koalas had 
generalized bleeding with up to six tooth sites. Gingivitis was a local event in 37% of all cases. 
However, 52% of the koalas with gingivitis had it at two or three tooth sites. Eleven koalas had 
between five and seven sites affected. 
 
Figure 6-2: Tooth Site gingivitis comparing severity levels 
in free-range koalas (N = 240). The incisors and canines 
had much higher frequencies than the molariform teeth 
 177 
 
There were 52 female and 47 male inflammation cases, based on tooth site 214 incidences of 
inflammation were recorded in the 200 koalas. Inflammation indexes ranged between 0.14 - 2.57 
with the most frequent index level was 0.28 (24 cases).The highest proportion of inflammation 
cases were at the maxillary incisors (Table 6-4) at an average rate of 4.43 (sd. 1.07) teeth affected, 
the lowest rate of 0.57 (sd. 0.42) or a single partial tooth infection within the upper and lower 
molars. Inflammation was significant different in average index levels between tooth wear classes 
(t, df = 6, p = 0.002 < 0.01) with post-hoc significant classes TWC 3 and 7 (U = 66.50, (2-tailed) < 
0.016), TWC 4 and 7 (U = 93.50, (2-tailed) < 0.016), and TWC 5 and 7 (U = 206.00, (2-tailed) < 
0.016) Bonferroni corrected. When the sexes were separated and tested by TWC significant 
difference within the male Inflammation cases was present (t, df = 5 p = 0.032 < 0.05). 
 
Females and male bleeding cases did not show any significant difference (females df 5, 0.191 p > 
0.05, males df 5, 0.295 p > 0.05). Overall bleeding index levels only varied significantly between 
TWC 4 (µ0.21, s.d 0.09) and TWC 7 (µ 0.75, s.d 0.61), (U = 39.00, 2-tailed < 0.01) as can be seen 
by the variations in means shown in Table 6-5. Similar results was shown within the inflammation 
Table 6-4: Levels of Inflammation Severity based on Tooth Type with intra and inter-
population levels 
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cases of the population with no male inflammation cases identified in TWC 1 but over the whole 
population frequencies of cases were similar for both sexes. The most frequent site of bleeding were 
the incisors (55%) and canines (24%) with a significant difference between these teeth and the 
premolars and molars (x2 15.00, df 3, p = 0.002). 
 
Gingivitis and calculus were present together in 92 koalas at 169 tooth sites, 45 calculus cases did 
not have gingivitis present. The proportion of cases where both conditions were present in older 
koalas varied sexually. In TWC 5 and 6 females with both signs represented 29% (n = 17) of each 
age class group. At TWC 7, the proportion of females against males was 72% of the total TWC 7 
koalas (39 koalas). These variations were not present in TWC's below TWC 5. There was a positive 
relationship between the level of severity of gingivitis and calculus in 17% of the cases (r = 0.42, p 
(one-tailed) < 0.01). Severity levels also changed with tooth type with higher frequencies of severe 
and mild on incisors than premolars or molars in both jaws (Figure 6-3). Moderate cases were at 
lower frequencies across all tooth types than mild or severe. 
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Figure 6-3: Free-range cases where calculus and gingivitis 
were positioned at the same tooth site. (N = 169) 
Table 6-5: Bleeding Cases with proportional results within Age 
Class and within whole number of cases 
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6.4.4 Calculus Deposits 
Calculus deposits were present in the oral cavities of 173 koalas of the free-range population. Of the 
total number of calculus cases 27% showed no other sign of periodontal disease present. The 
average calculus severity index for the population was 0.95 (sd. 0.72, min. 0.14, max. 3.00, mdn. 
0.85, and mode 0.42). In the total oral sites examined (N = 1400) 431 or 30.7% had a calculus 
deposit. The incisor tooth type recorded the highest extent of calculus deposits when compared to 
other tooth types with 40% of all cases. The molariform teeth had the lowest at 14.8% of all cases. 
Twenty-two percent of the population’s canines had a calculus deposit whilst in the mandible, 21% of 
the totals were from the incisors and 19% of the premolars had a deposit. The tooth form that had the 
highest average calculus index of 2.45 (sd. 0.77) was the mandibular premolars (Table 6-6); the 
maxillary incisor tooth reported the lowest average calculus index of 1.76 (sd. 0.87). There were 
differences between severities when specific tooth types were compared (Table 6-7). Tooth type 
calculus prevalence decreased posteriorly along both arches (Table 6-7).  
 
Table 6-6: Proportional spread of Calculus deposits within the Free-range Oral Cavity 
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At population level without separation of calculus frequencies by tooth type, site, sex or TWC the 
mandible (n = 74, mean 2.80, sd. 2.80) and maxilla (n = 87, mean 2.60, sd. 2.40) were not 
significantly different. Based on jaw and tooth type the maxilla (n = 224) reported slightly more 
cases of calculus deposits than the mandible (n = 206). If the canines were excluded from analysis, 
variation again was not significant. 
 
Based on koalas, severity of calculus accumulation at tooth sites fluctuated with 141 mild cases, 48 
moderate and 200 severe cases. Severe levels (index 3.00) where calculus either covered three 
quarters of the tooth surface area or was subgingivally positioned constituted 50% of all mandibular 
calculus cases. The mandibular premolars shown in Table 6-8 and Figure 6-4 had the highest 
prevalence of severe cases (23%) followed closely by the maxillary canines (21%) and mandibular 
incisors (19%). The lowest prevalence of severe calculus depositing was in the maxillary premolars 
(7%) and molars (8%). 
Table 6-7: Calculus frequencies based on Sites around each Tooth Type 
 Including nil cases (N = 1400) 
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A significant difference between the sexes was only identified at TWC 6 (U = 44.5, p = 0.036, r = 
0.40) with males (17) having a higher frequency of calculus cases than females (10) (Figure 6-5). 
Table 6-8: Calculus frequencies based on all Teeth and Sex (N = 431) 
Figure 6-4: Calculus Severity Levels based on Tooth Type and Jaw (N = 1400)  
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Reduction or increase in number of calculus sites (frequency of sites per koala) was relatively equal 
in variance (e.g. 1 calculus site in oral cavity: M-11/F-18; 5 sites: M-7/F-7; 7 sites M-4/F-4) 
between the sexes. The number of sites within the oral cavity covered with calculus increased with 
age class until by TWC 7 over half (mdn. 4 sites) of the 7 sectioned areas in the oral cavity had a 
calculus deposit. Site calculus deposits increased over TWC with 42% of the cases being 
represented in TWC 7 (Table 6-6). 
 
The major increase in this class was due mainly to the number of severe calculus levels tripling 
between TWC 6 (33) and TWC 7 (113). TWC 1 also recorded a high proportion of severe cases 
(60%) although the site frequency for this class only represented 1.4% of the total number of 
calculus sites in the whole population. TWC 2 and TWC 3 recorded the highest incidences of mild 
Figure 6-5: Average Calculus distribution within the sexes based on 
severity levels across Tooth Wear Classes (N = 173) 
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cases (62%|56%). There was a significant difference between some classes when sex was not 
considered. TWC 6 was significantly different from TWC 7 (U=659, p = 0.007, r = 0.28) and TWC 
3 was significantly different from TWC 7 (U = 575, p = 0.003, r = 0.31). At TWC 1 only one sixth 
of the koalas had calculus deposits, by TWC 3 60% of the population were affected (Table 6-6). 
The calculus prevalence at TWC 3 saw a 36% increase in the number of koalas inflicted between 
TWC 2 and TWC 3 compared to an increase of 8.2% between TWC 1 and TWC 2. By TWC 7, only 
6% of koalas did not have calculus present. 
  
6.4.5 Periodontitis 
There were 56 cases (28%) in the population of 200 free-range koalas with indicants of the presence 
of periodontitis. The ratio of male to female periodontitis cases was equal. A single TWC 1 female 
koala with severe conjunctivitis and fractured maxilla had periodontal disease. Tables 9-12 show 
descriptive results for perio-pockets, gingival recession and loss of attachment. TWC 2 and 3 did 
not have any cases of periodontitis. TWC 1 was a single case. 
 
 Loss of Attachment 6.4.5.1
The lower incisors, upper incisors, lower M2 and M3 gingiva were the prevalent sites for perio-
pockets. Abnormal probe depth was a localized event in 30 cases and generalized throughout the 
oral cavity in 26 koalas. Pocketing was found in 1086 sites in the maxilla and 835 sites in the 
mandible (Table 6-9). The canine had the highest (233) maxilla frequency (Table 6-12). The incisor 
held the highest frequency, mean (n = 216, mean 6.13 (se. 0.21) and the greatest pocket depth 
(11.91mm) in the mandible. In both jaws, the M2 had the highest frequency (Mandible – 143, 
Maxilla – 175) within the molariform teeth (Table 6-12). 
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The maximum GR (11.97) was at TWC 5 followed by a slight decrease (10.61) at TWC 6, then 
another increase in levels by TWC 7 (Table 6-11). Recession was present at an average rate of 
12.3% of the population (Table 6-13). The highest proportion of koalas came from TWC 7 at 
34.2%.The greatest average loss of attachment was seen in the incisors of both jaws, and the M2-3 
of the molariform teeth. However, the highest individual distance of loss of attachment was at the 
mandibular premolar (22.94mm). In all cases of severe gingival recession of the mandibular 
premolar there was clockwise rotation in which the distolingual edge of the tooth become 
positioned at the distal location. There was a positive relationship between periodontal pocket depth 
and loss of attachment, which increased in strength as koalas aged. This is shown in the graphs 6-6 
to 6-9. TWC 4-7 all had large clusters of new cases (0.00-2.00mm loss) as shown in Table 6-13. 
 
 
 
 
 
 
 
 
Table 6-9: Periodontitis variations between Free-range Jaws – Descriptives (N = 1921) 
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Table 6-10: Free-range Periodontitis average levels based on Tooth Surface Sites 
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Table 6-11: Free-range Periodontitis Tooth Site Population descriptives by 
TWC (n = 56) 
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Table 6-12: Free-range Periodontitis Descriptives for Tooth Type (N = 1921) 
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Table 6-13: Free-range proportional extent of Periodontitis based on pocket depth recession depth and depth 
of attachm
ent loss throughout the TW
C
’s  
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Age related Pocket Depth and Loss of Attachment  
Figures 6-6, 6-7, 6-8 and 6-9 Relationship between Pocket depth and LOA at each TWC 
identified with Periodontitis. As age increases the relationship between the two variables 
becomes stronger  
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 Bone Loss 6.4.5.2
All tooth sites with bone loss had vegetation compacted within the site. The odds ratio of a koala in 
age group of 7 having vegetation compaction associated with an issue involving the periodontium 
was 0.97. Within the other adult age classes 4-6 the likelihood of association was 91% whilst 
between TWC 1-3 there was no negligible link between vegetation compacting within the teeth or 
alveolar process and later destruction of the periodontium. The bone loss on tooth rows was 
identical on the opposing row except in five cases of asymmetrical bone loss. 
 
Interdental bone loss occurred between 202 teeth of 60 koalas. Fifty percent of the koalas were from 
TWC 7. In the maxilla, 90% of the interdental space bone loss was between the M2 and M3. In the 
maxilla and mandible there was a statistical differences between the ANOVA two mean squares 
(3.863 and 0.777), resulting in a significant difference (F = 4.975; Sig  = 0.02). The difference was 
between the interdental spaces PM-M1 and M1-M2 (p = 0.040), M1-M2 and M3-M4 (p = 0.002) of 
both jaws. Figure 6-10 shows severe furcation bone loss, interdental bone loss. Displaced teeth, 
bone loss at other tooth root trunks plus rotation of the premolars were present in the TWC 7 koalas. 
 
There were 41 koalas with furcation bone loss. The mandible had 74 cases of furcation loss, the 
maxilla 49. The M2 in both jaws had the highest frequencies between all teeth. The M4 teeth held 
the lowest frequencies within each jaw. In the mandible Severe was the highest proportion at 43.2% 
within the mandibular scores and 26% within both jaws. A similar result was shown at moderate 
furcation loss with 21.1% of both jaws and 35.1% within the mandible. 
 
In cases of bone loss, the tooth rows recorded tooth disturbance activity. Bone loss in the mandible 
saw the mandibular premolars had bilateral rotation, which results in the complete tooth row 
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straightening. Sixty-nine percent of the malaligned teeth cases were mandibular premolars. The 
remaining malalignment was in maxillary incisors and mandibular M1 to M3. All teeth with 
gingival recession based malalignment had severe levels of recession plus interdental and furcation 
bone loss as shown in Figure 6-10. The proportion of recession based malalignment increased 
(Table 6-14) as animals aged. 
 
 
 
 
 
 
 
 
 
Table 6-14: Frequencies of free-range bone loss teeth that showed 
Recession and Malalignment (N = 251) 
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 Mobility  6.4.5.3
Tooth mobility incidences were isolated to 17 animals. The average mobility score was 0.79 (mild). 
The highest frequency of mobility was seen in the upper 2nd and 3rd incisors (53%). Fifteen of the 
teeth also had moderate or severe gingivitis present. Moderate levels of calculus were recorded on 
the teeth with mobility, four cases recorded severe levels. Gingival recession was between 5.73mm 
– 9.52mm around the mobile teeth. 
 
 Halitosis 6.4.5.4
Halitosis was present in 29 koalas. Eighty-six percent of these koalas were aged between TWC 5 
and 7, with 68% being TWC 7. Both sexes were relatively equal in number of cases, however, there 
Figure 6-10: Typical malaligned mandibular teeth from a TWC 7 male with severe 
Bone and Attachment Loss. Image A shows severe malalignment of mandibular 
teeth. Image B shows through and Through Furcation and Interdental Bone Loss of 
the Mandible 
A B 
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were more (11) female TWC 7 cases whereas males only contained 6 old koalas. Sex and age was 
not significant. In the halitosis animals 24 had a stronger stench in vegetation compacted at 
recession or bone loss sites. All affected sites were within the molariform teeth. 
 
 Population multivariate survey of risk factors in Periodontal Disease 6.4.5.5
A logistic regression was performed to ascertain the likelihood that a koala with vegetation 
compaction, malocclusion or systemic disease would have periodontal disease. Alternatively, that 
old age or sex is link to the disease. The model was statistically significant and predicted 81% of the 
cases, x2 (5) = 62.76, p = 0.000. From Table 6-15 it can be seen that TWC (p = 0.000), systemic 
disease (p =0.026) and compacted vegetation (p = 0.14) contribute significantly to the model, 
whereas sex and occlusion did not add to the model. The table also shows that the odds of having 
periodontal disease are 1.8 times greater as the koala ages (Figure 6-11). Additionally, a koala with 
PD is 2.9 times more likely to have compacted vegetation within the sites than a koala without PD. 
The presence of systemic disease showed a similar trait with odds between 1.1 and 5.2 greater if a 
koala had PD. 
Table 6-15: Population multivariate survey of risk factors in PD. Binary 
Regression Co-efficients show that systemic disease, compacted vegetation and age 
contribute to the model 
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 Discussion 6.5
The koala has a high rate of PD presence in the population. Seventy-four percent of the sick or 
injured free-range population had PD, a similar rate has been identified in other herbivorous 
species.(du Toit et al., 2009b, Mans and Donnelly, 2013) In most species, periodontal disease is 
generally regarded as a condition that is not seen in the young. In this study, a similar finding was 
discovered. Koalas become adults between TWC 3 and 4. Periodontal disease in the koala also 
became prevalent in the koala at these ages. In TWC 1 the case was purely incidental possibly 
linked to other conditions. The statistics here show that 1 in every 16 koalas from TWC 4 will have 
evidence of developing periodontal pockets, gingival recession and loss of gingival attachment. 
Figure 6-11: Case probability graph, as a koala ages the risk of 
developing PD becomes greater 
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TWC 5 in the koala showed a sharp increase in the number of animals, teeth or sites affected by PD, 
including a greater number of misaligned teeth caused by the loss of attachment. This increase sees 
the koala seriously undermined by PD as ageing continues. Severe levels of gingivitis and calculus 
are seen on most sites with highest levels on the mandibular premolars and incisors. Sixty koalas 
had bone loss, with over 50% of the cases aged TWC 7 or over. Thirty percent of the population 
finally developed interdental and furcation bone loss with the greatest bone loss sites being between 
the M2 and M3 in both jaws. These sites were recorded as having a similar outcome with age a co-
factor in a preliminary study on bone loss in koalas (Lee et al., 2011). 
 
Mobility is a late condition after bone loss occurs within the furcation and interdental space. 
Mobility was not consistently associated with LOA with the greatest frequency of mobility cases 
being maxillary incisors whereas the molars were more commonly identified with LOA. Moderate 
to severe recession levels were found at mobile teeth. Gingivitis in a free ranging animal must 
proceed through a natural course of improvement or worsening. With no therapy available, the 
observations made in these animals truly reflect the immune system at work. Inflammation and 
bleeding, overt responses typical of PD were present in 64% of the gingivitis cases with a greater 
number of localized cases than generalized. Gingivitis rates varied between the TWC’s and the 
anterior teeth were more likely to have inflammation and bleeding than the molars. Gingivitis 
together with calculus were present on the same sites in closely half the study population. Calculus 
did appear to be a deposit common to the koala oral cavity, found in all but 27 koalas. High 
presence rates of calculus are a common occurrence in other animal species (Hamp et al., 1984, 
Cutress and Healy, 1967, Friedman et al., 1972). As koalas increased in age the severity of the 
deposits increased. By TWC 7 42% of the calculus cases were within this age class. 
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Periodontitis cases represented 28% of the koala population, with aged koalas showing the highest 
proportion of cases, severity and extent. Perio-pocket depth showed increasing correlation with 
attachment loss based on ageing. Tooth rotation and displacement was linked to severe gingival 
recession. Rotation itself produced a straight tooth row of the cheek teeth as opposed to the slight 
curvature seen in normally healthy cavities. Tooth rotation was also seen in the I2 and I3, however in 
these teeth the rotation also involved displacement with the teeth angled inward towards the lingual 
papilla. Rotation of teeth can also be derived from genetic changes, as found in the hare 
(Suchentrunk et al., 1992). 
 
There were five cases of asymmetrical bone loss. The individual cases recorded past trauma or 
malocclusion that may have contributed to this type of bone loss. Interdental bone loss was present 
in 202 teeth and contained rotting vegetation. 
 
Links have been found in humans between some systemic medical conditions and PD. The koala is 
susceptible to several systemic diseases, with the majority having chlamydia. Whether there is a 
relationship between chlamydia and PD was analysed in this study. It was found that there is a 
relationship. Furthermore, two more factors, vegetation compaction and age, contribute to the risk 
of having PD. One in every three koalas with PD will have vegetation compacted at the site. For 
every two koalas with systemic disease, one koala will have PD. In other words, half of a 
population with systemic disease will also have PD. 
 
Periodontal disease is highly prevalent in the koala and obviously has a severe impact on the life of 
the animal. Cause and effect relationships with PD are numerous. In koalas, continuous weight loss 
can often result in wasting disease. Weight loss and body condition has in donkeys being linked to 
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PD.(du Toit et al., 2009c) These two factors are recorded within the MKH admission information, 
which could lead to future research into any link with PD presence. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 199 
 
: Periodontal Disease of Captive Koalas in South East Chapter 7
Queensland 
 
 Abstract 7.1
The captive koala is an important asset to the Australian environment and economy. There are a 
number of institutions in Australia that keep koalas in captivity where most koalas undergo regular 
health checks however dental health care appears to be lacking. In Australia, the AVDS does not 
hold a position statement in regards to the oral health care of non-domesticated animals. 
 
This research was performed to analysis the periodontal health of captive koalas in South East 
Queensland zoos. Ninety-five koalas held in three zoos were selected which showed a variety of 
differences, between the zoos, in particular housing, vegetation collection and the number of koalas 
held. Oral examinations were conducted on the koalas and the oral health parameters of gingivitis 
and periodontitis were recorded. The results showed that zoo 1 had a higher proportion of koalas 
with PD signs. Gingivitis affected 61% of all koalas, with an average index 0.86, which is mild. 
Half of the gingivitis cases came from TWC 7 with 90% of these from Zoo 1. Gingivitis was 
usually a generalized condition with severe inflammation also present on most sites. Fifty-six cases 
of bleeding occurred, the average index 0.79 (mild), however 28 cases of spontaneous bleeding 
occurred with 82% of the cases from Zoo 1.Females had a higher frequency of bleeding. Gingivitis 
and calculus occurred together at sites in 36 koalas. Statistical testing showed no variation between 
tooth type and severity. TWC 7 again held the highest proportion (82.1%) of calculus cases within 
the whole population. Attachment Loss was present in 36 koalas. 
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Periodontitis conditions pocket depth, gingival recession and attachment loss were present in 36 
koalas. The maxilla had a higher overall frequency of scores (2644 sites) compared to the mandible 
with 1933 sites. Within the jaws, the incisors and canines were more affected than the other teeth. 
The greatest depth of AL was 22.94mm in the mandible of a TWC 7 koala. The mesiobuccal site 
held the most frequent number of scores at 325; the distolingual sites had the lowest at 174. Mild 
interdental bone loss occurred between 63 teeth of 19 koalas, with Zoo 1 having 14 koalas affected. 
Eighty-two percent of the cases were from TWC 7. Furcation loss was visible in only eight koalas, 
and only as a mild to moderate condition. 
 
Periodontal disease affected 61% of the captive population, 38% of the koalas recorded as having 
periodontitis Overall gingivitis and calculus affected a great number of captive koalas with Zoo 1 
consistently having more animals affected than the other two zoos. 
 
 Introduction 7.2
Tourism contributed 2.7% to the Australian gross domestic product in 2015, whilst producing close 
to half a million jobs. For the year ending 31st March, 2009, 54% of holidaying international visitors 
stayed in Queensland (ABS, 2009). In a study by the Bureau of Tourism Research in 1991 64% of 
500 Japanese visitors surveyed, ranked seeing wildlife as their primary goal. In the same study it 
was identified that Japanese visitors associated Queensland, in particular the South East region, as 
the ideal destination for visiting national parks (35%), viewing wildlife (26%) and viewing scenic 
natural beauty (28%) (Childs, 1991). Nationally, interacting with native animals also plays a 
significant recreational pastime. A national household survey found that 35.6% of Australia’s 
population had visited a Zoological Park during 2005-06 (Pink, 2008). This equates to 5.7 million 
people having close animal encounters, being provided with native animal education and 
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identifying with the plight of Australian fauna under threat of extinction. This tool for improving 
native fauna protection and management means that zoological parks, sanctuaries or theme parks 
are powerful resources, able to reach wide-ranging population demographics. 
 
In a survey of zoo dental hygiene and treatment Glatt, Francl and Scheels (2008) noted that of 53 
captive institutions surveyed, only seven used the services of a specialized non-primate dentist. 
They also found that 85% performed extractions, whereas restorative treatment or treatments for 
periodontal disease symptoms were limited to eleven zoos. In Australian zoos the guidelines for 
husbandry and transfer health checks does not provide for an extensive oral health checkup. 
 
In many species the requirements for mimicking the natural diet is very difficult and this can lead to 
oral health problems (Ellis and Wildt, 1998, Wildt et al., 2006, Bourne et al., 2010). In a study on 
the critically endangered Red Pandas (Ailurus fulgens) in 69 worldwide zoos 10% of the pandas had 
dental disease.(Eriksson et al., 2010) There are an increasing number of veterinarians trained in the 
care of domesticated animals that are asked to examine native animals.(Gaynor and English, 1994) 
The Australian Veterinary Association still has not adopted a care plan for non-domesticated animal 
dental care (AVDS, 2007). Adoption of domestic animal dentistry guidelines that are not 
specifically designed with the biological needs of native animals makes it difficult to manage the 
oral health of these animals (Van Foreest, 1993, Franzmann, 1986). In this study, the oral health 
chart developed in Chapter 4 and applied in Chapter 6 to the free-range koala will be applied to the 
captive koala. The periodontal disease findings in Chapter 6 are the foundation of oral disease levels 
in the koala. Here the results of the level of periodontal disease in the captive koala will be 
presented as a study that can be compared to the free-ranging koala PD levels. 
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 Materials and Methods 7.3
7.3.1 General Examination Criteria 
Three zoological parks from South East Queensland agreed to participate in the study to identify the 
oral health of captive koalas. The zoos were labelled Zoo 1, Zoo 2 and Zoo 3 to maintain requested 
anonymity. To examine the oral health of the koalas the charting system designed in Chapter 4 was 
utilised. Information on environment, birthplace, exact age and diseases were recorded from 
interviews with keepers/veterinarians and on site observations. Body condition was assessed 
according to the methodology of Carrick, Wood and Fyfe.(1990b). 
For all captive examinations, there were two types of clinical examination procedures. They varied 
due to either the lack of veterinary equipment and assistance at two zoos. All koalas at Zoo 1 were 
examined under anesthetic within the zoo animal clinic in the same manner as used for the live 
animals in Chapter 6. The anaesthetising and monitoring was performed by the facility veterinarian. 
The technique to retrieve data using the oral health chart was practiced on euthanized free-range 
animals prior to the captive examinations. The koalas were examined within their open air 
compounds. The procedural steps are shown in Appendix A from Chapter 4. Briefly, a keeper held 
a koala while standing and a soft wooden swab stick or eucalyptus branchlet was then moved into 
the occlusal plane and kept at a constant jiggling motion. This allowed a typical chewing response 
to occur. Observations were taken visually as the gape opened and closed. Koalas were provided 
with a quick rest during the procedure. All information was recorded on to a voice recorder 
(Panasonic RR – US550, Malaysia) during the examinations. Through prior practice, the techniques 
for invasive procedures such as probe depth or furcation examination were not stressful for the 
animals. Examinations were filmed using a digital video camera attached to a headgear (Fujifilm 
S5800, Japan). The videos were used to record some findings whilst stills from the video were also 
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used to assess the oral cavities. Digital photographs were taken for occlusion and facial image. In 
Zoos 2 and 3 examination time per koala was approximately five minutes. 
 
7.3.2 Periodontal Disease Assessment Components 
For periodontal disease assessment, the following categories of the koala oral chart were used: 
Calculus, Bleeding, Inflammation, Mobility, Pocket Depth, and Periodontium. Additionally, the 
clinical diagnostic methods; Gingivitis Index, Attachment Loss (Glavind and Lȍe, 1967), and 
Furcation Bone Loss (Carnevale et al., 1995) were determined from the additional information 
recorded for each case. The normal probe depth was measured in Chapter 4 to be an average 
0.7mm, range 0.5mm to 1.00mm (N=200). For determining periodontitis a depth of 2mm or greater 
of attachment loss was applied following the criteria  of the American Veterinary Dental College 
and the American Academy of Periodontology (Anon, 2003, AVDC, 2010). 
 
For recording the conditions calculus, bleeding and inflammation into indexes the following 
applied. The oral cavities were examined by division of the teeth into collective oral units shown on 
the oral health chart. The oral units were maxillary incisors, canines, premolars, molars and 
mandibular incisors, premolars and molars. Tooth names were abbreviated according to tooth types, 
(I = incisor, PM = premolar, C = canine, M = molar). Each site was assessed by scoring the 
coverage of calculus, bleeding, and inflammation on all clinically visible surfaces of the individual 
teeth within each site and the highest score achieved was the score for that particular oral unit. 
Individual methodology is mentioned after, however for each condition the grading for each index 
was 0 – 3. For example, within this scale 0 classified a koala or site as having no index, >0.14 to 1.0 
categorized a mild level, 1.1 – 2.0 moderate and 2.1 – 3.0 severe. 
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 Bleeding and Inflammation (Gingivitis) 7.3.2.1
Bleeding and inflammation was recorded for each oral unit using the visual chart aid produced in 
Chapter 4. Bleeding was assessed using a Williams probe and moving the probe around the gingival 
sulcus of each tooth. Bleeding index levels recorded were 0 = No bleeding, 1 = Very small speck of 
blood at probing site, 2 = A droplet of blood appears on probing but stays in that area, 3 = Blood 
spreads out along the gingival crevice surrounding the tooth. Inflammation index scores were 0 = 
No inflammation, 1 = There is line of redness at gingival margin, 2 = Redness is brighter than 1and 
there is mild swelling, 3 = Severe swelling and redness. In the koala chart, gingivitis has been 
separated into two categories, Inflammation and Bleeding. Either the usage of the indexes 
Inflammation and Bleeding can be as separate entities or combined to determine extent of gingivitis 
in a population. Therefore, the reported combinations for determining gingivitis are: 
Bleeding = Gingivitis 
Inflammation = Gingivitis 
Bleeding + Inflammation = Gingivitis 
 
 Calculus 7.3.2.2
Calculus was recorded for each oral unit using the visual chart aid produced in Chapter 4. Also 
recorded was whether the deposit was supragingival or subgingival. Index levels were based on 
quantity of a deposit and were 0 = no deposit, 1 = 25%, 2 = 50%, 3 = 75% ± a subgingival deposit. 
 Pocket Depth, Gingival Recession and Attachment Loss 7.3.2.3
To determine the number of cases, extent and severity of attachment loss (AL) the two components 
of AL, pocket depth (PD) and gingival recession (GR) were recorded. Pocket Depth was defined as 
the distance from the free gingival margin to the bottom of the pocket. The position of measuring 
around any given tooth was disto-buccal, mid-buccal, mesio-buccal, disto-lingual, mid-lingual or 
 205 
 
mesio-lingual, depending upon the location of a pocket. In teeth where tooth attrition allowed 
interdental access, distal and mesial measurements were recorded. Each distance was measured to 
within 1mm using a Williams probe. Duplicate measurements were recorded. If rounding was 
required, it was to the lower whole millimeter. The average of the duplicate measurements for each 
tooth site was used in the statistical analysis. Gingival recession was defined as the distance from 
the cemento-enamel junction (CEJ) to the free gingival margin, and this assessment was assigned a 
negative value if the gingival margin was located coronal to the CEJ. Recession was only recorded 
if the probe depth measured above the standard greatest depth of the koala gingival sulcus, which 
was determined to be 1.00mm, plus the maximum standard error of measurement as discussed 
below. 
 
In cases where the CEJ was difficult to detect the following method originally developed in Chapter 
4 was utilized was utilized. Any subgingival calculus was removed prior measuring. On recession 
the stain deposit line clearly defines the original position of the gingival margin. The line seen on 
adjacent teeth can aid in assessments of other teeth. Where the CEJ was difficult to determine the 
relative attachment loss (RAL), using this landmark was utilised. To adjust the RAL measurements 
to be compatible with the CAL measurements 20 lower incisors and 20 molars were stained using 
2% crystal violet solution for 3 minutes, washed and the measurement from the stain to the CEJ 
recorded. The mean distance between the CEJ and the base of the stain was 1mm (SD 0.02). To 
calculate the adjustment, the formula: [RAL - 1mm = CAL] was used (Armitage, 1996). Periodontal 
AL was calculated as the mathematical sum of PD and GR measurements. Periodontitis was 
declared if attachment loss was 2mm or greater as stated by the American Academy of 
Periodontology (Anon, 2005). 
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For analysis each measurement, tooth name, TWC, sex and ID of koala were recorded on 
spreadsheets. To assess the accuracy of the measurements taken by a single operator for PD and GR 
the following measurement error testing (Perini et al., 2005) was performed. Using 15 koalas with 
indications of periodontal disease and that required euthanasia measurement were taken with the 
Williams probe and again using the digital calipers, with scoring calibration accuracy set to 0.1. To 
allow clear access for measuring the cheeks were sliced lengthways, tongues removed and TMJ 
separated. At each site, the measurement method was repeated and the measurement error 
calculated between using the probe method and the caliper method. The mathematical equation for 
technical error of measurement is TEM = √ (∑d2/2n). The measurement error for Pocket Depth: 
mean 0.062 (se 0.012), minimum 0.005, maximum 0.18 and Gingival Recession: mean 0.038 (se 
0.014), minimum 0.003, maximum 0.168 between both instruments showed minimal variation in 
data accuracy occurred between the techniques. 
 Bone Loss 7.3.2.4
Horizontal and vertical bone loss was assessed by the presence of furcation involvement, or 
interdental bone loss. To detect loss, any koala showing periodontal pockets and gingival recession 
were assessed. Initially a periodontal probe was moved around the tooth, when loss was detected 
the degree of loss was recorded using the criteria (Carnevale et al., 1995) shown in Table 
7-1.Interdental bone loss was assessed as the presence of interdental craters. 
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 Mobility  7.3.2.5
If a tooth moved within its alveoli or teeth lost where there was evidence of bone resorption around 
the furcation and apical portion of the roots the animals were assigned a 1 (abnormal) and collated 
on spreadsheets for analysis. Teeth that were rotated or moved out of the normal position of the 
tooth row, with evidence of loss of support within the region were also regarded as cases of 
mobility.  
 
 Breath 7.3.2.6
Halitosis cases were recorded as present (1) or absent (0). The oral cavity of ten periodontally 
healthy koalas was smelt to identify what clinically defined a fresh breath. The scent of eucalyptus 
with a hint of woody earthy odours represented the fresh breath of a koala. Odours of rotting 
vegetation, anaerobic bacterial foulness represented halitosis. 
Table 7-1: Bone Loss Criteria and Scoring 
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7.3.3 Statistical Analysis 
For analysis of data SPSS Version 17 (SPSS Inc., Chicago USA) was used throughout this study. A 
value of P = 0.05 established statistical significance. For the population studies the work of Hair et 
al (2006) and Akcakaya et al (1999) was followed. Distribution normality was not achieved in 
several data groups, these were left skewed. Log10 transformation to perform parametric analysis or 
a selection of non-parametric testing was used to analysis the data. Statistics were based on several 
levels of analysis. Each PD condition was analysed 1) within all cases, 2) within individual cases, 3) 
TWC, 4) Sex, 5) Tooth Type, and 6) Tooth Site. Weighted TWC was used to check for balanced 
statistical significance when testing age class differences of each condition. Descriptive and 
proportional analyses were performed on information of the general health of the 95 koalas 
examined. Descriptions of variations in husbandry were given. Descriptive and proportional 
analyses were also performed on all categories shown within the methodology. Gingivitis index 
levels and frequencies were analysed using proportional and descriptive tests. To test gingivitis 
frequencies in the sexes an independent T -Test was used. To assess gingivitis index levels and 
frequencies within TWC, tooth site and type Kruskal-Wallis and Mann-Whitney tests were 
performed. Sites were grouped as localised or generalised to review the distribution of gingivitis 
within the oral cavities. Age distribution of gingivitis, inflammation and bleeding were analysed by 
comparing the age classes with the levels and frequencies of each condition. Testing used non-
parametric statistics. Descriptive analyses of inflammation and bleeding described the index 
averages, range and distribution over tooth type, sex, TWC and severity. Chi-square analysis tested 
inflammation, bleeding and gingivitis against the three zoos to assess the spread of the conditions in 
each zoo. Each zoo was compared within each zoo and within all zoos for inflammation and 
bleeding distribution within each sex and each TWC using chi-square analyses. To check statistical 
significance the tests were run again while TWC and sex were individually weighted. Inflammation 
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and bleeding were tested on proportions in each jaw and each tooth type to examine for any 
variation. Testing was done using Kruskal-Wallis and Mann-Whitney U test. 
 
Gingivitis and Calculus index chi-square analysis using the variables jaw, sex, tooth type, severity 
and TWC were performed. Kruskal-Wallis rank testing followed by Bonferroni correction provided 
significant values. Weighted TWC Kruskal-Wallis testing on Gingivitis and Calculus index severity 
levels was followed by Mann-Whitney U tests on any significant pairs. Tooth type severity levels 
(mild, moderate or severe) were tested in the jaws, to see if there was any variation between 
Gingivitis and Calculus levels. 
Calculus index levels were described using percent. Independent T-Tests were performed on the 
number of calculus deposits in each sex. Non-parametric testing was performed using Kruskal-
Wallis with post-hoc testing by Mann-Whitney analyses when testing Calculus frequencies at each 
TWC. If multiple Mann Whitney tests were required, Bonferroni correction was applied to the 
significance level. Percentage proportion calculations were used in some analyses to calculate 
significance. A One-way ANOVA type test was using when comparing tooth types, severity and 
jaws.  
Probe depth, gingival recession and attachment loss were all analysed initially as descriptives and 
proportions. Probe depths sorted into ranges were compared by TWC using chi-square. Chi-square 
was also used on tooth sites and PD, GR and AL. Jaw periodontitis levels were analysed by teeth by 
Kruskal-Wallis and Mann-Whitney post hoc testing. The recorded measurements were ranked and 
percentile cut-off values applied to convert the interval data into categories of 2-3mm (mild), 4-
6mm (moderate), >6mm (severe). Interval data was also analysed by descriptive statistics based on 
jaw, tooth type and tooth site. A One-way ANOVA with Tukey HSD post-hoc analysis was 
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performed on the interdental space bone loss frequencies to discover the most frequent sites for 
bone loss along the molariform teeth. 
Mobility and halitosis were discussed by descriptive and proportional terms. The analyses were 
separated by TWC, Zoo, tooth and jaw. 
 
 Results 7.4
7.4.1 General Examination Data 
Captive koala colonies in South East Queensland were examined to identify the oral health status of 
captive animals. The three zoos ranged in quantity of koalas, quality of environment and population 
disease risks. The whole population of captive koalas totaled 95 animals, 43 males and 52 females 
(Table 7-2). Zoo 1 contained 59 koalas (27M/32F), Zoo 2 11 koalas (3M/8F) and Zoo 3 25 koalas 
(13M/12F). Within each colony proportions of age groups (young – 1-4yrs, adult – 5-8yrs, old – 9-
15yrs) varied. Zoo 1 and Zoo 3 had a large proportion of young koalas (ages 1-4yrs) in their 
colonies, 52% of Zoo 3 and 61% at Zoo 1.Within Zoo 2 the population proportions were equally 
balanced between young, adult and old animals, 27% were young (1-4yrs), 36% were adult (5-8yrs) 
and 36% were old (9-15yrs). Thirty percent of Zoo 1 koalas were adults and 16% of Zoo 3. Zoo 1 
also had the lowest quantity of older koalas (8%) between the colonies whereas at Zoo 2 one third 
of the koalas were of advanced age. In Zoo 3 32% of the koalas were between 9 and 14 years old. 
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In Zoo 1, the majority of the animals were generally housed in concrete based wire enclosures. 
Fresh foliage is provided daily. Animals were kept in either single or two – three animal groups. 
The enclosures are kept clean and relatively contaminant free. The animals were rotated to a 
viewing/handling area for park visitors to observe the animals. The viewing area contained pole 
stands with buckets of natural eucalyptus tip, natural sunlight and protection from the elements. Zoo 
2 and Zoo 3 provided natural viewing areas as permanent housing for the animals. These enclosures 
were soil-based settings with additional vegetation (shrubs, trees) growing naturally in the 
compounds. Fresh cut foliage is placed in the areas daily. Intensive care facilities at both facilities 
Table 7-2: Distribution of Captive koalas throughout each Zoo 
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were concrete based wire enclosures. Animals placed into intensive care at Zoo 3 were provided 
with tubs of soil and water. Animals at Zoo 2 and Zoo 3 were kept in subgroups of between 2-6 
animals. 
 
The three facilities provided foliage from plantation and natural forestry. Koalas within the groups 
had previous been inoculated with a range of preventive vaccines widely used in koala husbandry, 
e.g. Canvac-BB (CSL) preventive against Bordetella bronchiseptica. Keepers and veterinarians 
reported that several koalas had undergone previous antibiotic therapy, steroid treatment and dental 
care. Koalas in all three colonies were within an exchange program for breeding and exhibit 
purposes. In the population examined the original birthplace of the koalas were either from within 
the individual zoo, from exchanging zoo, island populations in Queensland or now defunct tourist 
theme parks from Queensland and New South Wales. All zoos performed annual complete health 
checks of their koalas in accordance to recommended state authorities. Zoo 3 reported a history of 
Cryptococcus neoformans infections, in Zoo 1 Koala Retrovirus (KoRV) was asymptomatic. Both 
zoos reported sporadic disease deaths. Zoos 1 and 3 participate in overseas transfer of koalas. 
 
The overall body condition of the captive animals was good (84), 11 koalas were diagnosed as in 
poor condition (Zoo 1= 5, Zoo 2=2, Zoo 3=4). Within the animals in poor condition three were 
being paste fed to maintain weight in old age, three had enlarged lymph nodes, one nasal discharge 
and swollen eyelids, one ringworm and arthritis, one Cryptococcus infection and two had a history 
of poor growth. Both sexes were represented in poor condition and ages ranged from 1yr to 14yrs. 
Two of the animals in poor condition died one week after examination from Cryptococcus 
neoformans and leukemia. 
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7.4.2 Gingivitis 
Gingivitis affected 58 koalas (61%) of the complete captive population. The average gingivitis 
index level was 0.86 (s.d 0.84), minimum 0.14, maximum 3.00. The most frequent scores were 0.14 
with 12 and 0.57 with 10 occurrences. Seventy-nine percent of the cases were mild (n = 46) making 
the severity level significantly different to moderate (n = 7) and severe levels (n = 5) (x2 = 17.52, df 
= 2, p = 0.00) which were  
closely dispersed at 12% and 9% of all cases. Fifty-three percent of the gingivitis cases came from 
TWC 7 and 90% from Zoo 1. Despite these high proportions, ages and zoo frequencies were not 
statistically variable. The gingivitis index was not significantly variable between the sexes. 
Comparing jaw tooth site population proportions by TWC was significant (t, df 12, = 5.81, p = < 
0.05), however if based on score averages, TWC or koalas there was no significant difference 
between the mandible and maxilla gingivitis. In Figure 7-1, it can be seen that the frequency 
distribution and severity distribution of both jaws is relatively equal, however at TWC 3 in the 
maxilla there is the only group of severe cases within the whole spread of data. Table 7-3 shows 
that when comparing the proportions between the teeth, the incisors and molars teeth of the maxilla 
have the highest proportions of scored koalas. Six hundred and twenty-four tooth sites had 
gingivitis. In TWC 4, the incisors had 47.2% of the scores in the oral cavity and TWC 5, 6 and 7 
had the highest proportion  
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of koalas in each class with gingivitis. The number of sites a koala would have gingivitis ranged 
between one and seven. The most common was having two sites (19 koalas), followed closely by 
having just one site (18 koalas, the remainder was three sites (12 koalas), seven sites (6 koalas), four 
sites (2 koalas) and six sites (6 koalas). Therefore, generalized gingivitis was more prevalent and 
localized. 
 
 
 
Figure 7-1: Spread of Gingivitis by severity levels, jaw 
and TWC in the captive koala 
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 Inflammation 7.4.2.1
The captive group had 32 cases of inflammation. Two cases were only affected by inflammation. 
Thirty cases (52%) also had bleeding. The average inflammation index was 0.72, s.d 0.62, 
minimum 0.14, maximum 3.00. Fifty percent of the inflammation cases were from TWC 7. 
Individual koala score frequencies were fairly even (4 to 6) between scores 0.14 and 0.85. 
Following this only score 1.28 had a tally (3) involving several koalas, the remaining increasing 
levels of scoring were single occurrences. Statistically sex and TWC tallies were insignificant, also 
insignificant was TWC compared by different zoos. Within the ages TWC 7 had the highest 
frequency of 16, the other classes had single digit cases. In the zoos there was a statistically 
different proportions of koalas with inflammation (x2 = 6.39, df = 2, p = 0.41), between them Zoo 1 
had a frequency of 29, Zoo 2 – 2, Zoo 3 - 1. However, only Zoo 1 and Zoo 2 were statistically 
variable (U = 3.00, (2-tailed) < 0.26 Bonferroni corrected).Based on severity levels and tooth type 
the zoos were also significantly variable (x2 = 7.44, df = 2, p = 0.24; x2 = 8.70, df = 2, p = 0.013). 
Severity levels showed that severe had the highest number of incidences (36), while moderate had 
Table 7-3: Captive population Gingivitis proportions based on TWC and Tooth Site 
(N = 624) 
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20 and mild 14 incidences. Weighting for TWC produced significant comparison between Zoos (x2 
= 44.28, df = 2, p = 0.00) with all zoos indicating further significant pairing Zoo 1 v 2 [U = 126.00, 
(2-tailed) Bonferroni corrected < 0.01], Zoo 1 – 3 [U = 45.50, (2-tailed) Bonferroni corrected < 
0.01], Zoo 2 v 3 [U = 0.00, (2-tailed) Bonferroni corrected < 0.01] using the inflammation index. 
However, there was no significance between the sexes. Based on tooth type and jaw the maxilla 
held 57.1% of all cases while the mandible held 42.8%. Based on each tooth type in both jaws the 
mandibular incisors held the highest proportion of cases (34.7%) with the maxillary incisors at a 
close rate of 29.1%. The canines shown in Table 7-4 held a higher proportion based on severity and 
total proportion (6.9% and 11.1%) than the premolars and molars in both jaws. Inflammation was a 
localised event in 12 koalas. Following this generalised inflammation occurred in 20 koalas with the 
majority (11) having inflammation at two sites in the oral cavity. 
 
 
Table 7-4: Captive Inflammation Proportions based on Tooth Site 
(N = 32) 
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 Bleeding 7.4.2.2
Fifty-six cases of bleeding were recorded. Bleeding average was 0.79, s.d 0.85, minimum 0.14, 
maximum 3.00. Twenty-eight cases of spontaneous bleeding were observed, with 82% of these 
cases coming from Zoo 1. The bleeding shown in Figure 7-2 was violently eruptive, generalized 
and could occur when gentle pressure was applied. All cases with this form of bleeding were 
associated with moderate to severe inflammation. TWC 7 recorded the highest number of bleeding 
cases followed by TWC 2 with 11 cases. Although not statistically significant, the frequency of 
female TWC 7 cases (Figure 7-3) was the highest at 13 cases. In this graph, there was an increase at 
TWC 2 followed by a decrease over TWC 3 to 4. Then at TWC 5 and 6, there was a sharp decrease 
in the number of cases. Yet in Table 7-5, it can be seen that at TWC 6 the severity levels were 
moderate, a similar pattern occurred in TWC 3 females where the one cases recorded a severe level 
of scoring. The most frequent score was 0.14, which in total was 23.2% of all cases. The TWC’s 
and sexes were not significantly variable either within the individual variables or within the 
combination of variables. However, when weighted for TWC sex was significant (U = 6022.50, df 
= 1, p = 0.001) with females having a higher rank (141.39) compared to the males (110.54). 
Figure 7-2: Two examples of Spontaneous Bleeding found in Captive Koalas 
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Table 7-5: Captive Bleeding Descriptives and Proportions (N = 56) 
Figure 7-3: Bleeding frequencies showing TWC 7 
females having the highest (N = 56) 
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 Tooth Sites with Calculus and Gingivitis 7.4.2.3
One hundred and eighty-two tooth sites had calculus and gingivitis present. This was in 36 koalas 
(36.8% of the whole population). The averages were, Gingivitis - average 0.92, s.d 0.88, minimum 
0.14, maximum 3.00 | Calculus - average 0.79, s.d 0.66, minimum 0.14, maximum 2.40. The jaws 
were not significantly different in frequencies (mandible = 89, maxilla = 93). There was no 
variation between sexes or tooth types based on severity levels. Severity levels themselves varied 
with mild (N = 49) and moderate (N = 28) being much lower in frequency than severe (N = 105, x2 
= 16.59, df = 2, p = < 0.00). Severity levels within TWC's (Figure 7-4) were also significant (x2 
29.45, df = 6, p = 0.000). Ranks from TWC 2 and 3 were much lower than the other TWC's on 
Kruskal-Wallis testing. Bonferroni correction reduced the p-value to < 0.007. 
 
When separated the conditions tested with TWC suppressed showed significant differences in 
severity levels (x2 = 144.85, df = 2, p = 0.000). Tooth type severity levels with TWC weighted 
showed no significance. Tooth type severity levels separated by jaw type did show variability (x2 = 
181.00, df 6, p = 0.000). As seen in Figure 7-5 the incisors, premolars, and molar pairs showed 
significant variation after Bonferroni correction (p = 0.01). 
 
The incisor and canine tooth type had higher levels of gingivitis and calculus than the premolars and 
molars. Severe cases were more likely to occur with 57.7% of severity cases being at this level. The 
mandibular incisors overall had the highest frequency of cases (shown in Table 7-6) with gingivitis 
and calculus collectively at this site. 
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Figure 7-4: Captive Gingivitis and Calculus presence 
based on Jaw, TWC and severity levels (N = 182) 
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Figure 7-5: Gingivitis and Calculus Severity Levels at each Tooth type in 
the Maxilla and Mandible (N = 182). The severity levels varied in the tooth 
types 
Table 7-6: In depth examination of captive cases where Gingivitis and 
Calculus are present together. Showing severity proportions of each 
tooth type in the mandible and maxilla (N = 182) 
 222 
 
7.4.3 Calculus Deposits 
Calculus deposits were present in the oral cavities of 49 captive koalas. Fifty percent of these koalas 
did not have any other PD sign. Based on the whole population, deposit extent showed that the 
condition was only present on 17% (Table 7-7) of all possible sites. Between zoos n was Zoo 1 v 
35, Zoo 2 v 5 and Zoo 3 v 9. When based on proportion within the individual zoos Zoo 1 had 71.4% 
affected, Zoo 2 10.2% and Zoo 3 18.4%. However, Zoo 2 had the highest range of indexes (0.42 to 
2.40) plus the highest average at 1.59, s.d 0.78. Zoo 1 descriptives were (0.62, s.d 0.52, minimum 
0.14, maximum 2.14) and Zoo 3 ( 0.41, s.d 0.39, minimum 0.14, maximum 1.28. Non-parametric 
testing also showed that the zoos were variable with Zoo 2 having the highest rank at 41.40, 
compared to Zoo 1 at 24.70 and Zoo 3 at 17.06. Further testing showed Zoo 2 was had a 
significantly different in frequency of calculus (Zoo 1 v 2: U = 25.00, df = 1, Bonferroni corrected 
to 0.025 p = 0.008|Zoo 2 v 3: U = 3.00, df = 1, Bonferroni corrected to 0.025 p = 0.007) compared 
to the other two zoos. Zoo 1 and Zoo 3 were not different to each other. 
 
Within the calculus deposits severity ranged between 0.14 and 2.40. The average index was 0.68 
(s.d 0.61). The most frequent index levels were 0.14 and 0.42. One-way ANOVA’s showed no 
significance between either tooth types or severity, based on the two jaw arches, and no significance 
Table 7-7: Calculus Site Frequencies including Nil Cases (N = 665) 
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Table 7-8: Calculus proportions based on TWC (N = 343)  
within the tooth types or severity levels themselves. The averages between the jaws showed little 
variation. When based on severity levels the mandibular average was 2.08, s.d 0.90 and the 
maxillary average was 2.14, s.d 0.90. The mandibular incisors had the highest proportion of 
calculus cases (33.3%) followed by the maxillary canines at 21.6%. In TWC 7 82.1% of the koalas 
were affected by calculus and had the highest average index level at 0.97 and highest score within 
the population at 2.40. The molars of both jaws only had a single mild case in TWC 7 as shown in 
Table 7-8 and Figure 7-6. 
 
 
 
Although variable counts were found within the TWC’s (as shown in Table 7-8), there was no 
significant variation between class indexes. If TWC 1 with a single calculus event was removed 
from the analysis, the result was still not significant. Index frequencies based on sex and TWC’s 
was also not significant either as analyzed together or separately within each class. 
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7.4.4 Periodontitis 
There were 36 (38%) koalas having the signs indicating the presence of periodontitis. Koalas with 
probe depths above the normal range (0.5 – 2mm) showed male to female frequencies with minor 
variations plus two age classes with no cases. At population level, attachment loss average was 
4.46mm (s.e 0.08). The mandible had a higher average score at 5.39mm (s.e 0.15) compared to the 
maxilla at 3.74mm (s.e 0.09). The maximum depth of AL was 22.94mm, which came from a TWC 
7 koala. The jaws overall showed minor variability in high range scoring that was not significant. 
The maximum AL depths were maxilla 20.14mm, mandible 22.94mm. The greatest probe depth 
was 11.91mm, and gingival recession depth 11.97mm. Females within TWC 7 recorded 889 probe 
depths whilst the males recorded 449. Seventy percent of all pockets were from TWC 7 koalas. 
Figure 7-6: Calculus deposits on Teeth shown by severity levels 
(N = 111) 
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 Loss of Attachment 7.4.4.1
Based on tooth sites the maxilla frequency at 2644 scores was almost double that of the mandible at 
1933 scores. Within the jaws the maxillary canine and mandibular incisor recorded equal number of 
affected sites (C = 522, I1 = 522), the lowest quantity of affected sites were the M4 = 102, and M4 = 
179. The incisor tooth type had the greatest level of attachment loss in the jaws showed significant 
variability (U = 1442290, df = 1, p = 0.000). Attachment loss in the mandibular tooth sites (Figure 
7-7 and Table 7-9) showed the incisors, premolars and second and third molar tooth pairs had the 
largest average loss (I1 average 8.80mm, s.e 0.36). In the maxilla, the incisors also held the highest 
average at 6.98mm, s.e 0.37 followed by the M2 at 3.56mm (s.e 0.17). The highest proportion of 
cases within all three periodontitis assessment components (PD, GR and AL) was within the I1 
(27.5% - PD, GR). When comparing identical teeth from both jaws all tooth pairs were significantly 
different. The six jaw pairs after Bonferroni correction (0.008) remained significant at p = 0.000 for 
all pairs. The differences between jaw frequencies for each tooth can be seen in Figure 7-7 and in 
Table 7-10. In the maxilla, the canine held the highest frequency of scored sites at 233. The 
mandibular M4 had the lowest overall frequency of tooth sites at 85. 
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TWC 7 had the higher proportion of periodontitis cases and scored sites which produced a 
significant response to Kruskal-Wallis testing (x2 = 43.99, df = 6, p = 0.000). Chi-square testing of 
TWC’s within the four depth ranges showed variation between TWC’s within the 4-6mm depth 
cases (x2 = 41.74, df = 6, p = 0.000) and the 7mm or > depths (x2 = 31.88, df = 6, p = 0.000). The 
variation mean ranks and p-values are shown in Table 7-11. Similar analyses based on the three 
clinical assessments showed that pocket depth (x2 = 28.74, df = 6, p = 0.000) and attachment loss 
(x2 = 29.591, df = 6, p= 0.000) held the majority of variability between the TWC’s, gingival 
recession (Table 7-12). 
 
The greatest depth measurement of alveolar attachment loss was 23.75mm (Table 7-10) at the I1. 
Equally deep levels were found in the mandibular Pm, M1 and M2. The I1-3 also recorded the high 
Figure 7-7: Captive frequency of Tooth surface sites affected by 
Periodontitis (N = 4577). All jaw pairs were significant  
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loss. The frequencies shown in AL indicate the teeth prone to periodontal destruction are the 
incisors, premolars, second and third molars. 
 
 
Table 7-9: Captive Periodontitis variations between Jaws 
(N = 1921) 
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Table 7-10: Pocket Depth, Recession and Attachment Loss within the jaws of the Captive 
Koala (N = 1921) 
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Table 7-12 shows the extent of PD, GR and AL including normal sulcus depth proportions detailed 
under the 0 – 2mm heading. Noticed in this table is that TWC 1, 2 and 3 have a proportion of 
attachment loss cases, in addition to the other classes.  
 
Table 7-11: Captive Ranks and statistical pairing p values of pocket depths in each 
Tooth Wear Class (N = 1921)  
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The captive population had 4577 scores recorded from six sites per tooth in the 36 koalas. The site 
scores were significantly variable with the three buccal points MB, MidB and DB collectively 
having 60.9% of the whole number of scores (Table 7-13). The lingual/palatal points 1803 (39.1%) 
cases. The differences between buccal and lingual/palatal frequencies can be seen in Figure 7-8. 
Table 7-12: Captive Ranks and statistical pairing p values of each condition (PD, 
GR and AL) based on each TWC 
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The site pairs were significant identified by chi-test (x2 = 90.45, df = 5, p = 0.000). Ten site pairs 
were analysed  
 
Table 7-13: Extent of Pocket development, Gingival Recession and Attachment Loss 
Figure 7-8: Buccal | Lingual/Palatal Visual Display of 
Periodontitis Sites along the Tooth Row 
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using Mann-Whitney testing. After Bonferroni correction the significance value was p = 0.005, this 
reduced the significant pairs to nine. Site pairs were MB: DB, ML, MidL, DL | MidB: ML, MidL, 
DL | DB: ML, MidL, DL. The average level of scoring between the tooth sites showed the 
mesiobuccal and midbuccal sites had the higher frequency of scores and the higher averages at the 
attachment loss condition. The midbuccal sites had the highest score (23.74mm) at attachment loss 
level (Table 7-14). 
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 Bone Loss 7.4.4.2
Compacted vegetation was only present at interdental sites and was usually a mix of new and 
odorous material. Interdental bone loss occurred between 63 teeth of 19 koalas. The zoo breakdown 
Table 7-14: Pocket Depth, Gingival Recession and Attachment Loss collective 
descriptives based on tooth surface sites (N = 1921) 
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of cases was Zoo 1 - 14 koalas, Zoo 2 - 3 koalas and Zoo 3 - 2 koalas. Eighty-two percent of the 
koalas were from TWC 7. In the maxilla, 53% of the bone loss was between the M2 and M3, 32% 
between M3 and M4. A similar pattern was in the mandible with 16% between the PM and M1, 
41% between the M2 - M3, and 39% between M3 - M4. The remaining low proportions were 
scattered between adjoining teeth. Interdental bone loss was only minor in depth (generally 2 - 3 
mm) and did not create a complete diastema through to the lingual/palatal side. There was no 
significant variation between the sites of the jaws. There were only nine koalas with furcation loss 
in 17 teeth. No severe loss was visible. Furcation loss was visible in eight koalas, at the M2 and M3. 
Loss was not through and through with depths ranging between 1mm and 2.5mm. Loss was only 
present in TWC 7 koalas with the exception of one animal from TWC 3. 
 
 Mobility 7.4.4.3
Twenty-three koalas from TWC 3 to 7 recorded tooth mobility. Seventy-eight percent of the cases 
were from the TWC 7 group. The breakdown per zoo showed, that Zoo 1 held 65% of the mobility 
cases, Zoo 2 22% and Zoo 3 13%. The incisor tooth type had more 42% mobility cases than the 
canine or molariform teeth. Two koalas however did have canine mobility associated with severe 
gingivitis and loss of attachment ranging between 2mm - 5mm. In the incisor teeth, mobility was 
frequent on the I2 and I3 with 87% of all incisor cases. All incisor mobility cases were in the 
maxilla. The mobility was in the present of severe gingivitis. In the molariform teeth, mobility was 
seen in TWC 7 koalas only and all cases involved the premolars with severe attachment loss. 
 Halitosis 7.4.4.4
Halitosis was present in 12 koalas aged TWC 7. Both sexes were represented with eight males and 
four females. The halitosis came from the whole oral cavity and did not involve any particular site. 
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 Discussion 7.5
Dental disease is known to be present in captive Australian marsupial omnivores, mainly from 
consuming sugary foods (Gamble, 2004), and it was reported that periodontal disease is present in 
herbivorous captive koalas (Bird, 2002, Mikkelsen et al., 2008b). One of the more important 
findings from the previous chapter and this one is that periodontal disease is widespread in the 
captive and free-range koalas. It was regularly reported in this chapter that over 50% of the captive 
population was affected by gingivitis and 38% by periodontitis. These findings discount a previous 
report stating periodontal pockets in captive koalas were incidental.(Blanshard, 1994) Evidence 
from other herbivorous species is difficult to find. Calculus and gingivitis are frequently linked and 
lead to the development of periodontal disease (Willis et al., 1999). Based on a study of lemurs and 
baboons (Lemur catta, Eulemur fulvus collaris) the average population score for calculus in lemurs 
was 2.66 s.d 0.26, baboons 1.70, s.d 0.06 which is higher than the average of 0.68 (s.d 0.61) found 
in this study on the koala. The highest score for calculus found between the lemurs and baboons 
was 2.65 where the highest in the koala was 2.40 (Willis et al., 1999). Destructive progression of 
periodontal disease has also been associated with increased age in other species as found in the 
captive koalas (Stoller et al., 1989). Colyer regarded bone destruction in herbivores to be more rapid 
due to compacted material and shape of the teeth.(Colyer, 1930) Increased sulcus depth between 6 – 
10mm was found in captive amur tigers (Panthera tigris altaica) (Haberstroh et al., 1984). The 
Capuchin monkey (Cebus paella) has reported rates of 72% for calculus, 66% for gingivitis and 
57% periodontal disease (Fecchio et al., 2008, Fecchio et al., 2006). In the Orangutan (Pongo 
pygmaeus), proportions of plaque deposits with or without attachment loss, have been reported as 
74%  and 41%, Gingivitis 36%and 21% (Stoller et al., 1989). 
Investigating the oral health of koalas commonly does not appear in husbandry or diagnostic 
manuals on captive koalas (Booth and Blanshard, 1999). This was also reported in Chapter 3 
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regarding the free-range koala health investigations. Yet here in this chapter periodontal disease has 
been identified as prevalent in the captive koala. 
 
Allowing free natural selection of diet to captive animals is a difficult task. In a study performed by 
Hume and Esson(1993) they found that koalas in the wild naturally select or reject Eucalyptus 
species. They also found that in the captive environment keepers were found to select favoured diet. 
Natural selection pressures in nature particularly during environmental fluctuations drive koalas to 
accept other less favourable flora (Hindell et al., 1985). Free ranging koala conservation is the 
major mechanism for survival of the species. Having said that, conservation through captive 
colonies is recognized as an important player in conserving the koala (Anon, 1998). Fifty-one 
percent of the koalas had calculus deposits. Fifty percent of these cases did not report any other 
periodontal disease condition (Anon, 1998). The free-range koala diet contains tough leaves as well 
as soft young tips. In the natural environment, the eucalyptus leaves are subjected to heat, dust, rain, 
insects and all other components that make up elements of the ecosystem. The captive diet provided 
is generally washed (Drake et al., 1991) young tips without the abrasive components of the natural 
diet, in particular exoskeletons, fibre, ash, sand and silica. Addition of abrasive foods in captive 
diets of other animals has helped limit calculus buildup (Bourne et al., 2010, Bush and Montali, 
1999), (Meehan, 1993). Additionally, calculus deposits noticeably progress with age in the koala, 
this observation has been made in other species.(Haberstroh et al., 1984)  
The captive oral cavity had halitosis but unlike the free-range koala, the smell was not associated 
with compacted vegetation or bone loss sites. Gingivitis occurred in 61% of the captive population, 
it was reported as generally a mild condition equally dispersed throughout both jaws. Dental disease 
has been identified as linked to systemic diseases in animals (Bourne et al., 2010, Haberstroh et al., 
1984). Spontaneous bleeding which occurred in the captive colonies often showed underlying 
presence of lymphatic neoplastic disease. The koalas died between 2 – 10 days after the discovery 
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of the spontaneous bleeding prompting further investigation with spontaneous bleeding cases found 
within the colony. Poor condition and a history of systemic disease probably added to a 
predisposition towards further ill health. Periodontal disease and declining body condition have 
been linked in the Red Panda (Ailuis fulgens) (Preece, 2002). It could be suggested that the 
spontaneous bleeding was an additional opportunistic condition along with the systemic disease. 
Oral cavity osteomyelitis which was found in the free-range koala has been discussed as a 
morphological finding in previous lymphoid neoplasia cases (Canfield et al., 1987a). Gingivitis has 
also been mentioned as an opportunistic infection in koalas with koala retrovirus (KoRV) (Denner 
and Young, 2013). 
 
Housing and environmental enrichment standards were observed at all zoos to be in accordance to 
the standards for exhibiting koalas in Queensland (Anon, 1994, Jackson et al., 2000). Koalas in the 
three colonies were exchanged. This practice is used to balance genetics and behavioural issues 
amongst koalas. The variations that were observation were the use of concrete or soil and having 
soil available at all times. This final point has been mentioned as important in the diet of the koala 
(Ride, 1970). 
 
In 2004 the Committee Reviewing the Smithsonian Institution’s National Zoological Park in 
America found that The National Zoo’s Preventative Medicine Program failed to provide adequate 
dental examinations and prophylaxis treatment to primates and carnivores within the zoo (Kearney 
and McDonald, 2004). Awareness of the importance of oral cavity examinations when declines in 
weight, behavioural problems or general malaise are observed will provide keepers and 
veterinarians with additional options in diagnosis (Fleming and Burn, 2014). Periodontal disease is 
flourishing in captive koalas with 61% of the captive population affected by gingivitis and 38% having 
periodontitis. When compared to the free-range koalas who had lower proportions of 50 % for gingivitis 
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28% for periodontitis it can clearly be seen that the koala requires regularly oral examination and 
prophylactic therapy to manage oral health. 
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: Abnormalities (Non-Periodontal Disease) in the Oral Chapter 8
Cavity of the Koala 
 Abstract 8.1
Koalas suffer from dental disorders that are not primarily connected to periodontal disease. Motor 
vehicle and dog attacks incidents left fractured jaws, tears and bite marks in the free-range colony. 
Without a balanced occlusion, an animal will not be able to masticate correctly, leaving the animal 
to gradually lose body condition and have an increased risk towards serious health issues. The 
average anisognathic ratio for the koala is 22.4%, range 16.64% to 26.13%. Any variation from 
these would be a malocclusion. Four malocclusion types were identified in the koala with only one 
type, believed to be the original malocclusion type, existing in the free-range koalas. Malocclusions 
in the captive koala held a higher proportion of animals (30.5%) than the free-range (22%). Tooth 
enamel loss or fracture can gradually become a more serious concern. Here 32 free-range koalas 
had 328 teeth with cracks. Eighty-one percent were within the molar cusps, suggesting an 
association with the masticatory force during mastication. Chipped teeth occurred in young koalas 
during dog attacks. Captive tooth displacement cases were double that of the free-range group. 
Tooth crazing occurred on 62.5% of all free-range koalas, 20% of all captive animals. Abfractions 
occurred in 10.2% of all koalas. Attrition and abrasion occur naturally through mastication; 
however, the enamel loss is across a level plane, any loss that is not level is abnormal. Here 
abnormal wear to the incisors occurred at a rate of 16.8% in the captive koalas, and 23% in the free-
range group, with the majority coming from TWC 7. The hard palate was found to be an accurate 
reference point for identifying previous trauma. Staining was also an ideal reference point for 
detecting abnormalities in occlusion. Vegetation compaction, jaw fractures, tumours and bone loss 
through abrasion were all discussed as physical conditions that caused severe problems within the 
oral cavity of the koala.    
 240 
 
 Introduction 8.2
The oral cavity is susceptible to various clinical conditions that are not associated with periodontal 
disease. The issues for the koala as an herbivore on a diet of Eucalyptus leaves is vegetation 
compaction as found in Chapter 6 with the free-range koalas. Trauma from dog attacks and motor 
vehicles incidents are major causes of life threatening injuries to the koala (Canfield, 1991).  Oral 
wounds and fractures to the head of the koala have been identified that have occurred in the past as 
revealed in Chapter 3. Many old traumatic injuries are visible by checking for any misalignment in 
the oral cavity. Secondary to checking the dental occlusion is making an observation of any changes 
in the hard palate features. The hard palate rugae are considered stable landmarks that can be very 
reliable when monitoring any changes to the physical balance of the oral cavity (Almeida et al., 
1995, Patil et al., 2008). Indications of oral problems in an animal in captivity can come from many 
behavioural and dietetic responses. A response shown in other species is changes in craniofacial and 
occlusal development in animals fed a soft or hard diet (Beecher et al., 1983). 
 
Koalas are known to have, like other species, a very finely balanced occlusion (Lanyon and Sanson, 
1986b). The jaw alignment is anisognathic, where the maxilla is slightly wider overall than the 
mandible, the actual difference in size of the jaws will be documented in this study. The buccal 
cusps of the maxilla molariform teeth sit over the mandible so the mandibular buccal cusps position 
themselves within the valleys of the maxillary palatal cusps. The incisor relationships are in perfect 
alignment when the mandibular incisal edges abut the maxillary second and third incisor pairs with 
their interdental space as the central point of alignment. Any variation from these locations in the 
molariform and incisor contacts is a misalignment of the occlusion. Tooth displacement, loss or 
rotation can cause the balanced anisognathic jaw to misalign during mastication. To know the 
extent of any oral disturbance requires prior knowledge of the natural overbite.  
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Some dental anomalies that regularly appear on teeth can be used as indicators for detecting other 
anomalies. In the koala the anomalies found in Chapter 4 that are useful as monitors of physical 
defects are the extrinsic black stain deposits, molar wear and incisor wear. Mastication can place 
powerful force on teeth, wearing down surfaces and producing cracks or crazing. This phenomenon 
is found in many species and the fine lines of craze are usually made visible by the brown stain that 
collects in the lines or cracks (Hershkovitz, 1970, Powers et al., 1973). Crazing is generally 
regarded as a condition of large older animals with a powerful bite force (Hershkovitz, 1970). 
Cracks and fractures of the tooth enamel and dentin are linked to the direction of the enamel or 
dentinal tubules plus any alteration of the normal tooth position (Rasmussen et al., 1976). 
Vegetative material of herbivores lodges in any fold or crevice in teeth or gingiva and in Chapter 6 
was identified to being a factor in the process of koala PD. The information collated within this 
chapter will be drawn from the categories within the General Oral Cavity section of the koala oral 
health chart. Some of the categories were described within the previous chapters but elements of 
these not previously described will be introduced here. For example, within the Periodontium 
category information on the non-periodontal disease issue of trauma to the gingiva in free-range 
koalas was not included within Chapter 6. The arrangement of each condition follows the categories 
from the oral health chart, which can be viewed in Appendix A. 
 
 Materials and Methods  8.3
Data for this chapter was retrieved from the oral health charts of 200 free-ranging kolas and 95 
captive koalas discussed in chapters 5, 6 and 7. During each koala oral examination, clinical 
assessments were performed following guidelines outlined in Chapter 4 and shown in Appendix A. 
In this chapter, results contained under the General Oral Cavity Index (GOCI) section will be 
analysed. The conditions discussed here come from 10 categories of the GOCI; Teeth, Incisor and 
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Molar Wear, Occlusion, ,Tongue, Cheek, Periodontium, Hard Palate, Stain, and Vegetation 
Compaction. As used in Chapter 5 the captive colonies will be described as Zoo 1, Zoo 2 and Zoo 3. 
The three zoos had the following distribution: Zoo 1 = 59, Zoo 2 = 11 and Zoo 3 = 25. 
 
To discuss some results additional criteria or classification systems were developed within either 
the chart development chapter or here in this chapter. The pathologies required a specific definition 
to be used when selecting a tooth, jaw or oral cavity as having the disorder. These are discussed 
below. Teeth with such an issue were photographed and information taken on tooth name, tooth 
surface or position within the cavity and a full description of the disorder. In most cases, 
magnifying loupes were used to note the most defects. Conditions found at the periodontium tissue 
and underlying alveolar bone that were not associated with PD were described. Wounds, tears, 
tumours, abscesses, foreign bodies or jaw fractures were grouped and the frequency tallied based on 
site and colony.  
 
Thirty animals were defleshed after the oral examination in preparation for analysis within a 
research study separate to this research (Lee et al., 2011). The skulls were then used in this chapter 
for descriptive purposes. The definitions that declared a condition present are shown below in 
categories that are from the koala oral health chart. 
 
A classification for malocclusion was developed using Angle’s Classification system as a guide 
(Angle, 1899, Pitts, ??). A normal koala occlusion was determined as; at normal rest position, the 
mandibular mesial molar cusp cristae mesh together with the distal maxillary molar cristae. The 
maxillary premolar sits distally on the mandibular premolar. The second rugae of the hard palate 
aligned to face the mesial face of the lower premolar. The canines do not occlude with any other 
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teeth. The incisal edge of the mandibular incisors occludes against the incisal edge of the second 
maxillary incisors. A slight overlap towards the third maxillary incisors may occur and appears to 
be the normal. All abnormal occlusion cases were categorised according to similarity of 
malocclusion. These types were then described and a model drawn in Photoshop™ to depict each 
occlusion variation.  
 
8.3.1 Teeth 
 Supernumerary teeth or congenital loss 8.3.1.1
All cavities during examinations were observed for conditions of additional or less teeth. 
Supernumerary were defined as additional portions of teeth that showed similar structural form to a 
tooth. Absence by congenital means showed the tooth and alveolus as not present.  
 
 Tooth Rotation or Displacement 8.3.1.2
Teeth rotated or displaced were detected by the definition; Alterations in the position of the tooth 
within the alveolus that is not associated with PD, generally trauma cases. 
Tooth Loss (acquired from trauma) 
Tooth is absent, alveolus is visible, alveolar bone shows pathological signs (rounding of the crest, 
shallow alveolus) 
  
 Enamel Fractures, Chips or Crazing 8.3.1.3
Enamel chips or fractures were defined as a chip or complete fracture of the enamel or removal of 
all or partial section of a tooth cusp. Fractures were recorded as horizontal or vertical or enamel 
 244 
 
cracking and separated by either free-range or captive. To identify crazing, magnifying loupes were 
used. Crazing was grouped into either horizontal or vertical reducing the complete collection of 
shapes from five to two. All defects were also noted by position. Teeth were grouped into either 
incisors or molariform teeth. The canines were omitted, as they do not undergo contact with other 
teeth, therefore no pressure normally found to be the cause of crazing does not occur. 
 
 Attrition, Abrasion and Abfraction 8.3.1.4
Cases of attrition or abnormal abrasion were recorded by tooth type and surface. Attrition cases 
referred to tooth-to-tooth contact on the mesial|distal surfaces, generally involving the molariform 
teeth, although in cases where tooth displacement has occurred it may involve the incisor teeth, in 
particular the maxillary incisors. Abrasion is caused by the mechanical wearing away of the enamel 
or cementum surfaces. Abfractions were defined as structural loss of enamel and dentin at the 
cervical area of a tooth, due to flexion, tension movement at stress areas (Grippo et al., 2011). 
To compare incisal edge wear photographs of incisors with wear that did not fit the typical chisel 
effect were categorised according to the extent and visual appearance of wear. The wear types were 
developed into a classification system based on the appearance by frontal and lateral views. These 
types are shown in Figure 8-1. The criteria established for each incisor wear type (named A to I) is 
shown in Table 8-1.   
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Table 8-1: Incisor Wear Type Inclusion Criteria. The number of teeth 
involved in each variation can be seen in the second column 
 
 
 
Figure 8-1: Incisor coronal wear types identified 
in the koala. Dotted lines represent gingival 
margin. Descriptions are in Table 8-1 
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Molar wear variations are based on the criteria formed in Chapter 4. The natural wear of the molars 
was regarded as wear that was even across all cusps of each tooth. The unnatural wear criterion is 
defined below:  
 
• The wear pattern viewed laterally appears to be going a wave pattern along the cheek teeth 
row where premolars show less wear at the front crown and more wear distally. Then tooth 
wear is heavy at the second and third molars followed by a rise in height at the fourth molars 
• The wear is more than normally seen in the TWC or known age the koala 
• The wear pattern is different when comparing right and left tooth rows 
• There is wear on the buccal side of the teeth but none on the palatal/lingual sides 
• The premolar crowns are not showing an even flattening as wear progresses 
 
 Caries  8.3.1.5
 Any caries detected during examination were described by location on the tooth, tooth name and 
any other information on each carious lesion. 
 
8.3.2 Staining and Discolouration 
Stain was regarded as a natural deposit seen on koala teeth and as shown in Chapter 4 typically 
resided on specific sites in the oral cavity. Any position from the norm was classed as abnormal. An 
abnormal deposit may also indicate that there could be an additional anomaly in the oral cavity. To 
identify stain anomalies, the criteria from Chapter 4 to assess them is: 
• On the front incisors and the koala is above TWC 3 
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• On the molar cusps and the koala is above TWC 4 
• On the back of the front incisors and the koala is between TWC 1 and 3 
• Abnormal conditions are; when Stain is NOT PRESENT 
• On the molar buccal and lingual sides of a tooth 
• On the premolars or canines 
 
8.3.3  Conditions of the Tongue 
The tongue was examined for discoloration, growths, bite marks or lacerations, bacterial infection, 
abscessation, ulceration or swelling. Any reports of these inflictions were detailed and frequencies 
reported.  
 
8.3.4 Malocclusion 
In addition to the discovery of oral anomalies the level of anisognathia in the koala was calculated 
based on the method of du Toit (2009b). Measurements of 58 koalas were obtained using digital 
calipers (Dick Smith, Australia) calibrated to 0.1mm. Measurements from the mid-buccal aspect of 
the occlusal surface of each molariform tooth to its contra-lateral tooth along the dental arch. 
Duplicate measurements were taken and calibration was performed after each 10th measurement.  
 
A classification for malocclusion was developed using Angle’s Classification system as a guide 
(Angle, 1899, Pitts, ??). A normal koala occlusion was determined as; at normal rest position the 
mandibular mesial molar cusp cristae mesh together with the distal maxillary molar cristae. The 
maxillary premolar sits distally on the mandibular premolar. The second rugae of the hard palate 
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aligned to face the mesial face of the lower premolar. The canines do not occlude with any other 
teeth. The incisal edge of the mandibular incisors occludes against the incisal edge of the second 
maxillary incisors. A slight overlap towards the third maxillary incisors may occur and appears to 
be the normal. All abnormal occlusion cases were categorised according to similarity of 
malocclusion. These types were then described and a model drawn in Photoshop™ to depict each 
occlusion variation.  
8.3.5 Vegetation compaction 
Incidents of compacted vegetation between the teeth, in the hard palate rugae, periodontal pockets, 
at sites where the periodontium has been compromised, or in a gingival crevice was collated as 
proportions based on site, age, colony frequency, and any additional complaint found at the 
vegetation site. Two examples of the severe conditions caused by vegetation compacted are 
described.  
 
8.3.6 Hard Palate 
Initially the natural arrangement of the palatal raphe, rugae and incisive papilla was described with 
the rugae classified by shape, length and height based on known classification system 
Kapali.(Lysell, 1955, Kapali, 1997, Fahmi et al., 2001, Hauser et al., 1989). Following 
identification of the koala rugae, any animals with an anomaly were described and the conditions’ 
cause estimated.  
 
8.3.7 Conditions of the Cheeks 
The cheek category identifies microbial growth, wounds, abscess or ulceration and torn flesh. The 
criteria developed in Chapter 4 states: 
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The information that grades the cheek as being abnormal is 1) Visible wounds or scarring, 2) skin 
detachment, or white/yellow growth typically with the smell of a candida infection. 
 
8.3.8 Periodontium (non-PD disturbances 
The periodontium category encompasses the free and attached gingiva, periodontal ligament plus 
the supporting alveolar bone tissue. The category involves conditions other than PD:  pathological 
conditions and physical traumas. These will be separated into four groups as identified in Chapter 4: 
 Tears and Bite Marks 8.3.8.1
The periodontium was examined for bite marks or lacerations, abscessation, ulceration or swelling. 
These conditions were grouped by trauma from motor vehicle or dog attack. 
 
 Jaw Fracture 8.3.8.2
Fractures of the maxilla and mandible involving the periodontium were recorded based on location 
and traumatic event that caused the fracture.  
 
 Carcinoma 8.3.8.3
Any mass attached to the periodontium was recorded based on location and description of growth 
based on its effect on the life of the koala 
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8.3.9 Dehiscences and Fenestrations 
Dehiscence and fenestration presence were also identified on the 30 koala skulls according to the 
methods of Rupprecht (2001) and Tal (Tal, 1983). On the birooted or unirooted teeth, only the 
buccal or lingual/palatal surfaces were examined. At all other teeth the mesial and distal roots of the 
buccal or lingual/palatal sides were examined. A dehiscence was defined as loss of tooth alveolar 
bone measuring greater than 4mm apical to the crest of the interproximal bone. A fenestration was 
defined as a circular defect where the tooth root is exposed from loss of alveolar bone but the loss 
does not include the alveolar margin.  
8.3.10 Statistical Analysis 
Raw data was entered into SPSS V17 and a statistical significance was set at < 0.05. Normality tests 
were performed prior to any analysis. Descriptive statistics and proportional results described the 
prevalence and extent of each oral anomaly. Proportional analysis of each condition provided 
information on the differences between the four groups: free-range versus captive, free-range versus 
Zoo 1, 2 and 3 and captive colony comparisons. Following the basic population results, each 
individual condition was analysed by numerical means and descriptive text. Chi-square, Mann-
Whitney and T-tests compared teeth type and site of anomalies. Supernumerary teeth were 
described by anatomical terms. Frequencies and proportions plus T-test comparison established 
crazing, cracks and chips of the teeth. A T-test was also performed on tooth fragmentation pairs to 
assess any variation between tooth types. A Kruskal-Wallis test was performed on crazing cases to 
show any variation at each age class based on the whole population. Chi-Square analysis was used 
to compare zoo malocclusion rates. All observations of loss, fractures, chips, cracks, crazing 
displacement or additional teeth when placed within a spreadsheet each issue was allocated either 
further classing or frequency information to analyze the details.   
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Calculation of anisognathia was by ratio. Each maxillary measurement (a) over the corresponding 
mandibular measurement (b) and the percent determined as (a/b – 1) x 100 (du Toit et al., 2008). A 
table and diagram then displayed the descriptive results. 
 
 Results 8.4
8.4.1 Teeth 
The captive colonies recorded 90 incidences within the teeth category. By proportion, Zoo 1 had 
40.7% within the zoo with teeth anomalies, Zoo 2 recorded 64% and Zoo 3 12%. The free-range 
population tooth abnormalities total tally was 303 teeth anomalies. Proportionally based on the total 
tally of teeth problems the free-range colony had 77% and the captive colonies 23%. Each condition 
is separately described below: 
 
 Supernumerary Teeth and Congenital Loss 8.4.1.1
Three cases of supernumerary teeth were found in the whole population. All were unilateral 
maxillary teeth. In the free-range colony, two animals had single teeth, which were rudimentary 
molars, positioned adjacent to the left first molar. The tooth in both instances had two roots were 
partially fused for 3.7mm (s.d 0.02) of the root length. The crowns were missing a single palatal 
stylar cusp. The additional teeth when extracted were fully surrounded by subgingival calculus. The 
teeth averaged 2.8mm (s.d 0.27mm) in width, 5mm (s.d 0.30) in length, crown height 3.8mm (s.d 
0.13mm), and root length 4.5mm (s.d 1.06mm). A narrow spike of cementum measuring 2mm (s.d 
0.75) arose from the CEJ above the root trunk on the side adjacent to the first molar. The single 
captive supernumerary tooth was an additional third incisor positioned palatal to the left true third 
incisor. The tooth was more conical in clinical crown shape but possessed the same angulation and 
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root length as the true third incisor. The supernumerary tooth was covered in stain which is an 
abnormal condition caused by the lack of abrasion. 
 
 Tooth Rotation or Displacement  8.4.1.2
There were 27 tooth displacement incidents in the captive colonies. Eight I1, four I1, nine I2 and six 
I3. Displacement was either tooth crossover as shown in Figure 8-2 or angulation of the teeth 
towards the midline. In all except one case, tooth pairs were involved.  
 
 
Twenty-eight cases of displacement occurred in the free-range group. Comparison between the free-
range and captive group within frequencies showed that proportional the captive group had double 
the number of cases compared to the free-range group (U = -2.96, p <0.05, FR = 141.15, sd. 0.34, 
Captive = 162.42, sd. 0.45). 
 
Figure 8-2: Abnormal mandibular incisors - the captive 
koala also had a Type 2 malocclusion with abnormal wear 
of the P4 where anteriorly the crown was much higher 
than the distal portion. This was preventing molars from 
occluding correctly during mastication. 
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Eleven koalas from the free-range group had a single missing tooth. In five cases the I3, a single I2 
and two right canine teeth. The loss of a premolar shown in Figure 8-3 resulted in tooth wear 
changing to an abnormal wearing pattern where the buccal edge on the left M1 was more reduced 
than the lingual side. The left molariform tooth row also showed more wear than the right side 
molariform row. The alveolus of the premolar was under the gingiva regrowth. There was a single 
case of congenital premolar loss with no alveolus present in the free-range group. Four free-range 
koalas had either single or paired incisor teeth removed. Surgical removal was after a fall or dog 
attack had fractured the teeth. In Zoo 1, five koalas had surgically removed teeth (incisors or 
molars); the reason for the removal had not been recorded. The other zoos did not record any tooth 
loss. 
 Enamel Fractures, Chips or Crazing  8.4.1.3
Cracks and chips were only on molar buccal cusps or incisal edge marginal ridge. Cracks were 
visible on 328 teeth of 32 koalas. Cracks were horizontal and vertical. Eighty-one percent of the 
vertical cracks were found on molar cusps. Vertical cracking was also seen between cusps, the 
Figure 8-3: TWC 3 Male free-range koala. Right mandibular premolar 
loss (circled). Loss was after eruption. Gingival repair has occurred. Notice 
abnormal tooth wear in the left tooth (arrow) row when compared to the 
right tooth row. 
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proportion of between the cusp cracks was 9%. The proportion of cracks on the labial sides of the I2 
and I3 pairs was 10% of the total number of cracks. In 62% of the molar vertical crack cases 
horizontal cracking also occurred. In most cases, the horizontal cracks joined another vertical crack. 
Chips in free-range koala molars were commonly viewed as the removal of a molar mesiobuccal 
cusp. Chips were present on molars (Figure 8-4) and first mandibular incisors. The total number of 
chipped teeth was 26 in the free-range group. Collectively there were eighteen incisors and eight 
molars. The TWC 1 incisal edge consists of two mamelons, in four free-range TWC 1 animals these 
mamelons were chipped due to dog attack trauma. The captive colonies did not report any cracks or 
chips to the teeth.  
Forty five percent of the whole koala population had crazing on their teeth. In the free-range group 
of 200 animals, 125 (62.5%) koalas had tooth crazing. Crazing was present in a wide age group (2 – 
15 years). Based on tooth groups; incisors or molariform teeth, there were 428 incidents of craze 
line presence recorded. In the captive population of 95 koalas, 19 were found to have 91craze lines 
on incisor and molariform teeth. The horizontal and vertical styles of crazing identified on the teeth 
of the koala are shown in Figure 8-6 with an example of craze pattern shown in Figure 8-5. The 
pattern of connected lines was only present on the first incisor pair. Stain discoloration of the 
crazing occurred in all instances. Stain on the molars showed the crazing as straight lines, which 
Figure 8-4: Right mandibular third molar chipped. The pulp chamber is 
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commonly began at the cusp coronal edge and extending downward. The number of teeth with 
craze lines (grouped by horizontal or vertical) and proportions are shown in Table 8-2.  
 
Molariform comparisons from the captive and free-range jaws indicated there was a difference 
between the number of craze cases [(t (74) = 0.22, p < 0.05), (t (248) = -8.373, p < 0.05 (mandible 
µFR = 0.19, sd. 0.39, C = 0.66, sd. 0.48; maxilla µFR = 0.66, sd. 0.47, C = 0.37, sd. 0.48)]. In the 
captive jaw comparison, the mandible scored more crazing than the maxilla. In the free-range, 
Table 8-2: Proportions and frequencies of craze patterns in the koala 
Figure 8-5: Crazing pattern down the 
labial surface of mandibular incisors 
Figure 8-6: Craze line 
patterns of the koala 
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however the opposite occurred with the maxilla having more crazing than the mandible. With the 
free-range and captive incisor teeth however, the mandible and maxilla were the not significantly 
different in the number of craze lines with closely ranged averages (FR mandible µ = 0.46, sd. 0.50, 
maxilla = 0.40, sd. 0.49; Captive mandible µ = 0.47, sd. 0.50, maxilla =0.45, sd. 0.50). Whole 
population craze frequency increased with TWC, with TWC 1 reporting a single case. TWC 7 
however recorded 57 koalas with average of four teeth per koala affected with crazing. Variations 
for individual tooth types at each specific age however, were not significant. 
 
Throughout the free-range group premolar and fourth molar tooth fragmentation occurred in koalas 
aged TWC 7. There was a significant difference between the molar and the premolar frequency of 
cases (t (199) = 9.03, p < 0.05) with the fourth molar having 22 cases and the premolar 13. The 
captive colonies did not show any tooth fragmentation cases. Nine free-range koalas from TWC 1-3 
had front incisor tooth fractures from motor vehicle hits. Eight were maxillary and two mandibular. 
The fractures were vertical and the dentition had not fully developed. Three young koalas estimated 
7-12 months of age had front teeth damaged during a complete fracture of the jaws from suspected 
tree falls. A male captive koala (14 years) had all mandible molars severely fractured with unknown 
cause. There were no other tooth fracture cases in the captive colonies. 
 Attrition, Abrasion and Abfraction 8.4.1.4
Prevalence of abnormal incisor wear in the captive population was 16.8%, the free-range group had 
a higher prevalence rate of 23%. When based on the whole population the free-range koalas still 
had a higher prevalence at 15.6% compared to 5.4% in the captives. In the captive population, Zoo 
3 did not have any incisor wear anomalies. Zoo 1 had the highest proportion at 8.2%, Zoo 2 was 
18.7%. Shown in Table 8-3 Type A was more frequent than all other variations.  
 257 
 
 
Type A although a straight edge was a severe variety of wear as it was characterized by excessive 
abrasion, rendering the incisors level with the gingiva by TWC 5. In both captive and free-range 
colonies the highest number of koalas with wear came from TWC 7 (Captive = 43.7%, Free-range 
32.6%). When examined by sex females represented 81.2% of the captive cases, whereas in the 
free-range colony both sexes were equally represented (F = 56.5%, M = 43.5%).  
 
Irregular molar wear was recorded in six captive koalas. Wear was excessive for two young male 
koalas with the maxillary molars worn to 0.5mm of gingiva and the premolars not subjected to any 
occlusion. Two koalas had wear that was not balanced between sides of the tooth row; one had wear 
Table 8-3: Koala Colony Incisor Wear Anomaly Frequencies 
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only on the palatal side along the molar row, whilst the other koala had the opposite with wear only 
on the buccal cusps. In one captive TWC 7 female, the maxillary and mandibular molariform teeth 
were occluding before the incisors due to a malocclusion. In the free-range koalas, 14 animals had 
irregular molar wear. This represents 7% of the free-range population, whereas the captive 
population rate was slightly less at 6.3%. A TWC 5 M1 had excessive wear reducing the height of 
the tooth to below the height of the premolar. The koalas were aged between TWC 5-7 with the 
exception of one koala aged TWC 3. When based on whole population proportions the free-range 
colony had a much higher incidence rate of 4.7% compared to the captive colony at 2%. In the free-
range affected animals, malocclusions were also present in five of the fourteen molar wear cases. 
Eight animals had a unilateral problem where there was less wear on one molariform tooth row. The 
mandible was involved in more events (8), than the maxilla. In the case of one koala (TWC 5 male), 
there was no wear to the mandibular premolars. A wave pattern occurred along the mandibular teeth 
in three free-range koalas, with additional wear variation on the lingual/buccal cusps.  
 
Thirty-one koalas representing 10.2 percent of the whole koala population had abfraction of the 
cervical surface of teeth. Abfractions were only present on the I2 and I3. Seventy-three percent of 
the cases were associated with rotation or malpositioning of the teeth. Sixteen cases of unilateral 
abfraction of the I2 occurred; ninety-six teeth were opposing pairs showing similar depth of enamel 
loss. In the unilateral cases, only the labial surface showed enamel loss and the loss appeared to be 
caused by abrasion and abfraction. The loss was crescent shaped and situated from the point of the 
alveolar margin to midpoint of the clinical crown. Abfraction cases were only visible after the 
removal of vegetative material and produced a slim neck appearance on the lower clinical half of 
the tooth. The captive and free-range groups had similar abfraction effects; however, the captive 
abfraction was not as markedly visible. Free-range abfraction areas contained long plant fibres, not 
pulverized vegetative material. Also observed in these areas were hair and soil. All abfraction cases 
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were =/> TWC 7. The captive Zoo 3 had a lowest proportion of cases within it’s =/> TWC 7 koalas 
at 22%. Zoo 2 abfraction cases represented 50% of its old age koalas and in Zoo 1 80% of the old 
koalas reported abfraction incidents.  
 
Proximal cases of abrasive attrition were identified in the molariform teeth and the front incisor 
pairs of both jaws. Attrition was primarily a free-range koala condition with only koalas from Zoo 1 
with a malocclusion having proximal attrition in the captive colonies. The occurrence of proximal 
attrition developed interdental diastemata ranging between 1mm and 3mm. The frequency of cases 
for the whole population is shown in Table 8-4.  
 Caries 8.4.1.5
A single incident of caries was recorded in the captive animals. The koala from Zoo 1, an 8yr old 
female had a 2mm soft carious lesion labially situated midline to the crown of the right maxillary 
first incisor. The lesion at examination had only affected the surface enamel. The incisor had severe 
gingivitis, plaque, spontaneous bleeding and 5mm labial pocket depth. Three free-range animals 
had cracking and chipping of buccal cusps culminating in the development of pit and fissure caries. 
The lesions were packed with vegetation as shown in Figure 8-7 and Figure 8-7.  
Table 8-4: Frequency of Interdental Diastemata by Abrasion and Attrition 
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8.4.2 Stain and Discolouration 
Stain was not present on any koala prior to the beginning of eucalyptus digestion. Nine captive 
koalas were found to have irregular stain depositing. Excessive stain was located on the maxillary 
incisors in six and on the mandibular incisors in three. A 3yr female also had early abrasion to 
crown stain deposits on the maxillary premolar together with irregular molar tooth row wear and 
excessive wear on the buccally positioned cusps. The free-range group had 19 cases of irregular 
stain by the criteria for this category. Molar cusp staining for incorrect age group was seen in five 
koalas. Excessive stain on all tooth surfaces of the molariform teeth were three koalas with a mark 
malocclusion. One koala was abnormal in not having any stain on the teeth. In two koalas with 
displaced front maxillary incisors solid pieces of stain, one measuring 1.2cm (width) x 2cm (length) 
were within the interdental spaces. Subgingival stain (Figure 8-9) occurred in four koalas with the 
lingual and buccal surfaces affected.  
Figure 8-7 and 8-8: Free-range koala tooth chip which had formed a 
carious lesion. Left: The loss of the mesiobuccal side of the cusp allowed 
vegetation to collect. Right: A similar fissure with the compacted 
vegetation removed. 
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Palatal stain on the maxillary incisors was present in a female TWC 4. Proportionally captive 
animals had 14.7% of the total population whereas in the free-range group of 200 koalas 9.5% had 
stain anomalies. Discolouration of the tooth surface was evident in five captive koalas. The 
discoloration was intrinsic and yellow in colour. Intrinsic stain was also found in four TWC 6 or 7 
free-range koalas. These four cases were incisor pairs and the teeth were displaced. 
 
8.4.3 Conditions of the Tongue 
All tongue incidences were in free-range animals. Eleven cases were recorded and the details of 
each case are shown in Table 8-5. Four cases of glossitis with blistering of the tongue dorsum were 
identified. Clear exudates were expelled from the blistered oral lesion vesicles. Candida growth 
with oral malodour was identified in three young carer raised koalas. Tissue loss at the base of the 
tongue and dorsum was found in two koalas from motor vehicle incidences. Bites to the tongue 
during dog fights occurred in four koalas. In two incidences, the bites to the tongue (Figure 8-10 
Figure 8-9: Excessive Stain on the mandibular incisors, 
extending well into the subgingival region 
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and Figure 8-11) were comparable to the shape and depth of the koala mandibular incisor teeth. The 
other two cases were not koala related, therefore it was assumed they were from the attacking dogs.  
 
 
 
Table 8-5: Free-range tongue cases with general condition, body score and disease 
information plus tongue incident description 
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Figure 8-11: TWC 5 Male: Blistering of the tongue with inset of 
blisters 
Figure 8-10: Tooth bite (possibly from koala premolar) and 
severe tongue trauma (short arrow) caused during dog 
attack 
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8.4.4 Malocclusion 
The anisognathic ratios ranged between 16.64% at the fourth molars and 26.13% (see Table 8-6) at 
the first molars. The combined ratio of all measurements for the koala was 22.4%.  
 
The widest distance in curvature of the mandible was at the third molar, the narrowest at the 
premolar. In the maxilla, the widest average distance between both molar rows was at the second 
molar. The maxillary premolars had the narrowest distance in the jaw. There was a greater 
curvature in the maxilla than the mandible. This can be seen in the average changes in the widths as 
they progress posteriorly shown in Table 8-6.  
 
 
 
Table 8-6: Koala Ansiognathous Ratios 
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Four malocclusion types were identified. Captive koalas also had a higher proportion (30.5%) of the 
population suffering from malocclusion than the free ranging koalas (22%). The characteristics of 
each form are provided on the following pages. In the free-range population, only a single version 
of malocclusion existed. This version is called Type 1 Malocclusion and 60 free-range koalas (30%) 
were affected. Seven captive koalas had Type 1 malocclusion where the I¹ and I1 occlude. The 
captive koalas had Type 1 plus the three other versions of malocclusion. The normal occlusion of 
the koala through lateral view can be seen in Figure 8-12. 
 
Proportionally compared to the frequency of Type 1 (n = 7) in the captives, Types 2 to 4 affected 
76% of all malocclusion versions (Table 8-7). The frequencies of Types 2 to 4 in the captive 
populations are as follows. Eleven koalas had mandibular incisors that occluded at the posterior 
point of the incisive papilla (Type 2). In these koalas, actual contact with the hard palate was only 
evident after molar height was highly reduced from wear. The I₁ occluded with the canines (Type 3) 
in five koalas. Six koalas had a mandible that extended outwards beyond the maxillary incisors 
(Type 4). Separation by zoo (Table 8-7) showed malocclusion incidences as 34% of Zoo 1, 36% of 
Figure 8-12: The normal occlusion of the koala 
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Zoo 2 koalas and 20% of Zoo 3 koalas. Based on the total number of malocclusion cases in the 
captive population Type 2 cases were more prevalent (38%) than the other malocclusion versions. 
The largest proportion of cases based on type version and zoo was Zoo 1 Type 2. Zoo 1 also had 
statistically a much higher rate of malocclusion to the other two zoos (x2 = 5.87, df = 2, p = < 0.05).  
 
However, analysis by KW and MW testing showed there were significant results for all pair 
combinations. The medians within the KW test (X2 = 65.00, df = 2, p = 0.000) were Zoo 1 = 47.00, 
Zoo 2 = 10.50, Zoo 3 = 24.00. Evaluation of the effect size of the MW testing showed that Zoo 1 
(median = 27.00) and Zoo 3 (median 4.00) had the highest  level in effect size based on the 
statistical significance (U = .000, Z = -6.708, p = 0.05, r = 2.54) , with Zoo 3 closer to having a 
moderate effect (1.92) over Zoo 1 who recorded a minor effect size (1.14). 
The occlusion problems also presented with misaligned teeth, wear irregularities, and malpositioned 
teeth in 18 koalas. Additionally, in the captive population, familial malocclusions were present. The 
progeny of a 9yr female; a 2yr male and 3yr female had lack of molar occlusion together with a 
severe maxillary overjet. Both young had severe bleeding and odorous breathe. The mandibular 
incisors in all three koalas occluded with the canines indicating they were afflicted with Type 3 
malocclusion. A narrow width of the mandible resulted in the peak of the molar buccal cusps 
Table 8-7: Occurrence of Malocclusion in the 
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occluding with the palatal maxillary cusps at rest. Abnormal molar wear and stain presence was 
present in all family members. 
 
The frequencies of Types 2 to 4 in the captive populations are as follows. One koala from Zoo 1 had 
molar occlusion with no incisal contact. It also had excessive horizontal movement of the mandible. 
A male 12-year and 2-year-old son had Type 2 malocclusion where the mandibular incisors 
positioned at rest occluded with the incisive papilla. In another family, the lineage of abnormal 
occlusion was present in three generations. Grandmother, mother and a female 4-year-old daughter 
all had Type 3 occlusion where the mandibular incisors occluded around the area of the canines in 
the hard palate. Each koala had severe gingivitis and calculus. Koalas that had malocclusions had a 
high average calculus scoring (1.6, n=28) than the population (0.64, n=200). There was a ratio of 
two females to each male aged between TWC 3 and 7 in the group of high calculus/malocclusion 
cases. TW classes 3 to 7 were represented in the group. Black stain deposits were present on the 
incisors extending three quarters of the length of the teeth on the labial side. The molars had similar 
staining on the buccal side of the full tooth row. General poor health, low body scores and poor 
quality fur were scored for all malocclusion cases. All malocclusion types are shown together with a 
normal occlusion view in Figure 8-13. 
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5 
Figure 8-13: Malocculsion types: Type 1, 2, 3, 4. Image 5 shows normal occlusion 
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1. Type 1 Malocclusion 
The mandibular incisors occluding with the maxillary first incisors typify type 1 malocclusion. This 
prevents the molariform teeth (except the fourth molar) from occluding correctly until the incisors 
have abraded sufficiently for the cheek teeth to make contact. Once this occurs all teeth generally 
wear at a similar degree. Irregular I1 abrasion usually occurs with the result being chisel shaped 
Style E. The incisors by TWC 5 are usually severely worn creating peg like teeth with wide 
diastemata between the tooth pairs. The quick wearing of the incisal edge surface is usually a 
product of wear occurring on enamel not commonly use to strong abrasive forces.  
 
2. Type 2 Malocclusion 
A maxillary overbite is defined where the lower incisors occlude with the incisive papilla or 
posterior crown of the third maxillary incisors. Wear will generally displace the third incisors 
causing mobility to occur. The occlusal forces on the incisive papilla do not appear to cause any 
upper palate epithelial abrasion. Premolar and molar wear in this type of occlusal problem is 
irregular and typified by severe trenching along the mandibular tooth row, remnant mandibular cusp 
fragments remain along the buccal and lingual sides, and vegetation compacting in the trench. Cusp 
fractures can be present in koalas affected by this occlusion.  
 
3. Type 3 Malocclusion 
The lower incisors occlude further back within the region of the canines. Horizontal movement of 
the mandible causes interaction between the mandibular incisors and the canines. In severe cases, 
the canine crown wear is rapid and by 3 years old, the canines are worn down to the hard palate 
plane. The premolar and molar wear pattern is abnormal in this type resulting in a severely 
debilitating form of occlusal problem. When this occurs, the severe overbite is often apparent and 
 270 
 
exacerbated by irregular molar wear with an anisognathic measurement at M2 exceeding the range 
by 0.32 and M3 by 0.24. The occlusal forces causing wear to slope in the direction of the buccal 
region of the teeth and the premolars reverse occluding position with the mandibular premolar 
sitting distally on the maxillary occlusal plane. Further to this, the masticatory action of the molars 
shows evidence of more force being applied on the second and third mandibular molars wearing 
them quicker. This creates a hollowed out effect along the occlusal plane. On the lateral view, the 
tooth row shows a wave shape occlusal plane. The low point at M2 and M3 is then a collection point 
for vegetation to compact. Irregular wear of the mandibular premolars can also prevent some molar-
to-molar contact where the anterior portion of the premolar is higher than the posterior portion of 
the crown. Periodontium destruction occurs where vegetation has compacted. Displacement of 
molars posterior to the second molar was common.   
 
4. Type 4 Malocclusion 
Overshot mandible possibly from a shortened maxillary diastema between the canines and 
premolars. The constant downward friction between the buccal edge of the lower incisors and the 
crown of the maxillary first incisors causes abnormal incisal wear to the maxillary first incisors and 
no wear to the I2 or I3 teeth. This type of malocclusion is generally associated with excessive 
horizontal movement of the jaws, which is apparent in molar abrasion being greater on the buccal 
cusp edges than the palatal/lingual cusp edges plus Type F incisor wear. Mandibular incisor crowns 
also develop a glassy surface in young animals making late life mastication difficult.  
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Figure 8-14: Maxillary incisor vegetation cases. A: Stain coated vegetation compacted in 
the interproximal space. Koala fur and plant fibres were commonly found within the 
compacted material. B and C: Once removed the attrition/abrasion of the incisor enamel 
is evident. Tooth displacement was also common in these cases.  
 
            A                                                  B                                             C 
8.4.5 Vegetation Compaction 
All koalas with vegetation compacted between the incisors showed severe attrition/abrasion of the 
interproximal region when the vegetation was removed (Figure 8-14). This occurred in both jaws. 
In the free-range population, 93 koalas (46.5%) were affected. The number of sites where 
vegetation collected in the interdental spaces or furcation areas with bone loss increased with age 
(Table 8-8). Collected vegetation also increased posteriorly as ageing increased. Vegetation 
collected within interdental spaces, areas of recession or bone loss, in the crown fossa and in older 
koalas the buccal/palatal gingiva, palatine ruga and buccal pouch. In the whole population 41 koalas 
were TWC 7 or older, 32 of these had vegetation in the buccal pouch and rugae. The material in the 
pouch was more finely masticated than the material found in the interdental spaces or areas of bone 
loss. Masticated vegetation formed a line from the pouch to the first, second and third rugae. With 
reduced crowns, the material became entrenched along the buccal and palatal sides of the 
molariform teeth. This was not in the presence of any gingival recession. Noticeable in Table 8-8 
incisors is a steady increase in the proportion of cases between TWC 5 and 7.  
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In the captive population, 18 koalas had compacted vegetation in the oral cavity. The molar rows 
had a higher incident of interdental compaction (15 sites) than the incisors (8 sites) or the premolars 
(2 sites). The affected captives contained two 1-year-old koalas, three 4 year old and two aged 6 
years and 7 years, the remaining 11 koalas were older than 7 years.  
Sixty-nine percent of the sites from the whole population also had periodontal disease. An example 
PD case details are; a male captive 10-year-old koala had severe gingivitis and purulent abscess 
between the right P4 and M1, which was interdentally compacted with odorous vegetation. The 
gingivitis involved the P4, M1 and M2 region. The male koala also had gingival recession of 15mm 
recorded at the M1. An unusual case of vegetation entrapment involved the tongue of a koala 
(Figure 8-15). Periodontal disease had produced through and through furcation bone loss. 
Vegetative fibres had entered through one side of the mandible and come out through the bilateral 
furcation loss on the opposing side of the jaw. On autopsy, it was found that the jaw had a previous 
Table 8-8: Free-range Proportional statistics based on sites for Compacted 
Vegetation 
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fracture and the vegetation fibres had become intertwined, trapping the tongue and the anterior 
portion of the soft palate, keeping the jaw connected to the posterior section. When the vegetation 
was removed, it was found that the internal area of the mandible soft palate region was filled with 
rotting masticated vegetation and the anterior portion of the mandible was completely separated 
from the posterior portion behind the M2 on each side of the jaw.  
8.4.6 Hard Palate 
The koala hard palate has eight primary rugae and eleven secondary rugae. The rugae pattern 
includes two types of wavy shapes. There are also one circular, one teardrop, one comma shaped 
and two curved rugae patterns. The rugae patterns and the incisive papilla shape (bottom shape of 
Figure 8-16) are repeated posteriorly to the distal end of the fourth molars. Based on the general 
pattern shown in Figure 8-17 any koala hard palates different to this was scored as abnormal.  
An example of abnormal is shown in Figure 8-18. Five koalas from Zoo 1 had anomalies of the 
hard palate. The abnormalities were: 1) infected lesion, 2) diastemata shorter on right (14.2mm 
Figure 8-15: Vegetation trapping the 
tongue at the second molars of the 
mandible. 
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right/18.4mm left), 3) third rugae variation, 4) enlarged incisive papilla, 5) inflammation at second 
rugae. The other zoos did not record any anomalies.   
 
In the free-range group, 28 koalas (14% of the group) had abnormalities. A complete description of 
the free-range koala hard palate anomalies are shown on the following page in Table 8-9. 
Congenital and traumatic changes were the frequent causes of variation from the normal pattern.  
Figure 8-17: The typical 
ruga pattern of the koala 
hard palate 
 
Figure 8-16: Ruga 
shapes of the koala 
hard palate  
 
Figure 8-18: Twisted 
rugae from previous 
trauma. Note the koala 
has current trauma with 
tooth loss involved 
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Table 8-9: Free-range Koala Hard Palate Abnormalities 
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8.4.7 Conditions of the Cheek 
In the cheek category, only one captive koala was identified as having an anomaly. This koala, a 1yr 
male had a severely inflamed left side cheek flesh. A small weeping wound in the cheek area near 
the mandibular fourth molar the possible cause of the inflammation.    
 
The free-range group recorded 11 cases of cheek anomalies. Nine animals were female with two 
aged TWC 6, seven TWC 7. The two males were TWC 7. Two koalas had candida growth, one 
ulcerated old injuries. The cheek of three koalas had old and new bite marks possibly caused during 
mastication. Five animals had torn cheek flesh and one koala had bite marks, all these cases were 
trauma from motor vehicle incidences. 
8.4.8 Periodontium (non PD disturbances) 
 Tears and Bite Marks 8.4.8.1
In the 200 free ranging koalas, 53 admission causes were motor vehicles incidences, 21 were dog 
attack. Within these cases, 13 koalas showed torn periodontium flesh or bite marks. Five young 
koalas had the gingiva torn from the periodontium, one case involved the lingual facing flesh, the 
remaining were labial facing similar to that shown in the adult in Figure 8-19. Four adult koalas had 
torn flesh in the same manner as discussed in the young koalas. Four koalas that had been attacked 
by dogs had bite marks that produced an opening to the alveolar bone. The marks were seen in both 
jaws. There were no cases of periodontium disturbances (non-PD) in the captive colonies. 
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 Jaw Fracture 8.4.8.2
In the 53 motor vehicle incidences of the free-range colony, 49 had injuries to the head. The cases 
came from the hard palate, teeth or periodontium categories. Twenty-nine fractures (70.7%) 
involved multiple areas of the cranium, eyes, nasal bones, maxillae and mandible. Twelve cases 
were only to the mandible with the complete fracture at the symphysis. The remaining eight cases 
only involved the maxilla. In the maxilla, the fractures usually involved separation along the 
midline from the I1 pairs, through the midline of the hard palate. There were however, three 
fractures that separated the premaxilla from the maxilla body. Additionally, a TWC 7 animal had a 
mandibular fracture to the left tooth row between the first and second molars. In a case where a 
mandibular interdental space bilateral fracture had occurred, the mandible was held together by 
compacted vegetation. This case was discussed previously in the subsection Vegetation 
Compaction. Most of the head injury cases plus the remaining tally from the total number of koalas 
had damage to other regions of the body that are not discussed in this study. 
 
Figure 8-19: Trauma from a motor 
vehicle incident in a Free-range koala. 
The koala was an adult male TWC 5 
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Three fractures were recorded in the captive colonies. The animals had fallen on to concrete floors. 
The fractures were from male combat (2) and a single young back rider falling of mother’s back. 
 
 Carcinoma 8.4.8.3
A single case of oral tumour was recorded. The tumour (Figure 8-20) was attached at the symphysis 
of the mandible of a free-range koala. Displacement of the two incisors had occurred to the right 
with a large diastema between the teeth. The mass disturbed the usual placement of the tongue. 
Although the animal was still able to eat, the pulverized vegetation between the teeth contained 
large particulates. The jaw was twisted with the left molar rows leaning buccally outward.  
Figure 8-20: Oral carcinoma in a 
Free-range TWC 3 male 
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 Dehiscences and Fenestrations 8.4.8.4
Eight hundred and ninety-two teeth were present in the 30 free-range skulls. Alveolar dehiscences 
and fenestrations were respectively associated with 25.2% and 19.2% of all teeth. Fenestrations 
were found in 30% of the koala mandibles, and 58.6% of the maxillae. Dehiscences were present in 
41.4% mandibles and 58.6% maxillae. The number of koalas with a dehiscence was 22, 20 had 
fenestrations. The mesial root was found to have a high rate of fenestrations (56.9%); however, the 
proportion of dehiscences on the mesial root was very high at 80.5% of all dehiscences. The fourth 
molar had the highest proportion of fenestrations overall, however based on jaw the mandibular 
premolar had the highest rate at 84.6%. In dehiscences, the premolar tooth type had the highest rate 
(28%) followed by the fourth molar at 18.6%. Based on jaws again the mandibular premolar 
resulted in the highest number of dehiscences (61.8%).  
 
 Discussion 8.5
Oral anomalies not related to periodontal disease were over three times more prevalent in the free-
range colony than in the captive animals. Physical disturbances were more frequent than pathogenic 
cause. Motor vehicle and dog attack incidences caused torn periodontium, bite marks, broken teeth 
and jaws, hard palate irregularities, tooth loss and torn cheek flesh. Bite marks found in old animals 
are possibly from minor malocclusion due to loss of tooth crowns and the appearance of glassy 
surfaces. Continuous tooth eruption is a compensatory mechanism that aligns the plane of occlusal 
during the wear process (Powers et al., 1973), koalas do not have continuous tooth eruption, and 
therefore there may be some disturbance to the occlusal plane, which then creates the opportunity 
for abnormal tooth wear and cheek biting. The fourth molars disintegrate more frequently than the 
premolars. Premolar fragmentation has been reported prior to this study and is regarded as a part of 
estimating the age of an old koala (Gordon, 1991, Lanyon and Sanson, 1986b). On examining these 
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teeth it appeared that, the fourth molars fragment earlier than the premolars but as they are fairly 
inaccessible, their fragmentation is possibly not noticeable. 
 
Interdental spacing appeared to be caused by three processes, attrition, abrasion or abfraction. These 
have been linked to spacing and packing of material in the sites (Grippo et al., 2011, Johnson and 
Sivers, 1987). Molariform teeth naturally have a small space between the gingival crest upward to 
two-thirds distance towards the crown. Then the coronal portion containing the cusps is tightly 
connected. This type of diastema has been called the ‘valve’ type and has been linked with 
gingivitis and periodontitis in the horse (Carmalt, 2003). The attrition process of wearing away the 
enamel then begins the widening. Once the gap between the teeth reduces the ability of the adjacent 
teeth, contacting the abrasive process begins. This process is established when vegetative matter 
fills the gap caused by the attrition. The abrasion then continues the widening process between the 
adjacent teeth. A reduction in the crown with age then widens the gap, allowing more vegetation to 
collect until the ‘open’ type of diastemata appears. In donkeys 89% of all diastema in one study 
were associated with periodontal disease (gingivitis and deep pocketing) (du Toit et al., 2009a). (du 
Toit et al., 2009a). In this study, 69% of all sites based on the research in Chapter 6 had periodontal 
disease.  
 
Compacted vegetation in the dentition occurs in many herbivores (Miller and Beighton, 1979, 
Ramzan, 2010, Samuel and Woodall, 1988, Woodall, 1989, du Toit and Dixon, 2011, Andrews, 
1985). Impaction of vegetation in the cheek pouches of koalas was reported by Blanshard (1994) as 
being a cause of swelling of the face, however in this study of 295 koalas, this was not found. The 
mode of vegetation movement, particularly in older koalas is important in the mastication of leaf 
material. Combination of saliva and vegetation in the cheek pouch is subsequently moved through 
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the hard palate rugae , similar to that seen in the rabbit (Ardran and Ride, 1958). The second ruga of 
the hard palate during mastication forms a dam preventing vegetation from moving forward. In 
animals over TWC 7, the masticatory role of the molar dentition is decreased when crown cusps 
cease to exist. Although the smooth glassy crown surfaces can still grind and pulverize the leaf, the 
shearing and cutting that is important in tearing apart the tough fibrous material is be highly 
reduced. At this age, an increase in compacted vegetation in the front incisors was identified. Free-
range animals reported 46.5% were affected by compacted vegetation, whereas in the captive group 
the rate was 19%. The lack of compaction in captive animals suggests that the vegetation supplied 
may be softer to mastication and digest. It was mentioned in Chapter 7 that the vegetation presented 
to koalas appeared to be a large proportion of soft greenery plus a smaller proportion of tough leaf. 
Within the minimum standards of husbandry the guidelines state ‘…palatable, uncontaminated, 
nutritionally adequate food leaves…’ should be provided (Anon, 2007). This is not truly 
comparable to the diet of free-range animals. 
 
Pathology of craniofacial tumours has found that they are of mixed cartilage and bone compound 
(Canfield et al., 1987b). Previous findings have all shown the tumours to affect the cranium, eye, 
nasal cavity and hard palate.(Canfield et al., 1987b, Canfield et al., 1987a, Ladds, 2009b) In this 
study, only a single animal (FR) had a facial tumour. The animal was quite healthy otherwise and 
had continued to eat despite the tumour covering the complete frontal region of the mandible. The 
tongue blistering in the free-range koalas was possibly stomatitis which has been found to be a 
disease associated with the koala retro-virus (KoRV) (Denner and Young, 2013).  
In some species, enamel tooth wear in known to enhance the biological role of the dentition (Maas, 
1991). Attrition of the occlusal surfaces of the koala is a natural process that is produced by the 
heavy biting force during mastication. However, the high occlusal forces required by koalas to 
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masticate leaf material impacts on the enamel facets of their teeth. Evidence here showed that 
abnormal tooth wear, attrition, cracks, crazing, chips or tooth displacement could develop. Crazing 
was present on 48.8% of all koalas. The coronal portion of the tooth could be more prone to craze 
development creating micro cracks in the enamel due to a weaker dental tissue than that of the 
molar complex (Lynch et al., 2010). The microstructure of enamel has however shown brilliant 
recovery from cyclic loading, evolved as crystal orientation and resistance at the dentin enamel 
junction which all protects against extension of enamel damage (Xie et al., 2009, Bajaj et al., 2010).  
Although it has been discovered that soft abrasive particles and silts are more harmful to enamel 
than coarse particles (Powers et al., 1973, Boyde, 1984). This is an important aspect as the 
eucalyptus leaves are commonly coated with dust in the free-ranging environment. In the captive 
environment, the choice of softer cleansed leaves may be reducing the frequency of crazing and 
cracking as well as reducing the occlusal wear (Cuozzo et al., 2010). Occlusal forces have been 
implicated in craze and crack formation in humans and marmosets (Ratcliff et al., 2001, 
Hershkovitz, 1970). (Ratcliff et al., 2001, Hershkovitz, 1970). Cracked and chipped teeth were 
isolated to the free-range population, possibly indicating that the captive population mastication 
places less stress on the tooth structure. Tooth fragmentation appeared to occur initially on the 
maxillary fourth molar and then at the first molar. This opposes the observations of Lanyon (1986a) 
who also stated that the M4 does not occlude with the M4 and the teeth are generally covered with 
calculus. Calculus was not discovered on these teeth as discussed in Chapter 6. 
 
In the normal resting position occlusion of a koala, the mandibular molar cusp cristae mesh together 
with the maxillary molar cristae. The maxillary premolar sits distally on the mandibular premolar at 
rest. The second rugae of the hard palate aligned to face the mesial face of the lower premolar. The 
canines do not occlude with any other teeth as they are seated between opposing diastemata. The 
incisal edge of the mandibular incisors occludes against the incisal edge of the second maxillary 
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incisors. A slight overlap towards the third maxillary incisors may occur and appears to be the 
normal. The degree of anisognathia in the koala is 22.4%. This is less than the degree seen in the 
donkey (27%) and the horse (23%) (du Toit et al., 2009c). Knowing the normal degree of overbite 
will be useful when identifying any change from the norm in malocclusion in future research. 
Malocclusion is any deviation from this normal occlusion. The free-range koalas only displayed one 
type of malocclusion. The captive koalas had an identical malocclusion plus three more variations. 
This may indicate that the captive variations originate from the single free-range type. Koalas that 
were from the same family lineage but not necessarily from the same facility also recorded similar 
oral health problems. The visual identification of an occlusion variation easily linked animals into 
their family trees. In particular, the severe overjet in Type 3 was easily identifiable in animals from 
different zoos. The ability to masticate food is known to be affected by a malocclusion (English et 
al., 2002) which may in the koala contribute to some of the other conditions contained in this 
chapter. Poor general and oral health was identified in koalas with a malocclusion, a loss in nutrient 
intake has previously been linked to malocclusions in other species (Krall et al., 1998, Crossley and 
Miguelez, 2001, Legendre, 2002).  
 
Dehiscences and fenestrations are not commonly investigated in animals. In humans they are 
regarded as defects generally caused by abrasive actions and trauma from occlusion (Rupprecht et 
al., 2001, Tal, 1983, Edel, 1981) Reported proportional figures in humans are as high as 13.4% for 
dehiscences and 16.9% for fenestrations (Rupprecht et al., 2001). The koala with rates of 25.2% and 
19.2% are higher still. This could possibly be linked to the more abrasive diet of koalas. Anatomical 
features that are protrusive such as predominant roots are common sites. Tooth position, and size 
are also linked to the development of dehiscences and fenestrations. In the koala the maxilla, buccal 
position, the mesial root, the fourth molar and premolar were all linked to the presence of these two 
alveolar defects. The same locations are reported in humans (Volchansky and Vieira, 1981). The 
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locations in the koala are also areas that are protrusive. In particular, the maxilla premaxilla suture 
area and fourth molar region adjacent to the zygomatic bone.  
 
Caries develop once cariogenic microorganisms have invaded the enamel. In the koala being a strict 
herbivore with a diet of eucalyptus leaves containing antibacterial, antiviral and antifungal qualities 
it is suggested that caries only occur after severe attrition forces have created chips, cracks and 
fissures, which has been a similar conclusion in humans and animals (Kuper et al., 2012, Abbott, 
2004). Compacted vegetation could still be seen within some carious lesions. The anaerobic 
conditions produced by the densely compacted vegetation establishing the ideal environment for 
lesion development. Extrinsic black stain on teeth has been suggested to be linked with a reduction 
in caries (Koch et al., 2001). (Koch et al., 2001). Staining occurred on all tooth surfaces in the oral 
cavity that could not be cleansed through the abrasive actions of the masticatory movements of the 
vegetation. These conditions have also been identified in another highly selective herbivore, the 
Giant Panda (Wildt et al., 2006, Ellis and Wildt, 1998). In the tree kangaroo husbandry, 
recommendations of the addition of tea leaves in their diet (for the tannic acid) is said to assist in 
the prevention of periodontal disease (Bush and Montali, 1999). Extrinsic brown to black tooth 
staining is found in many species (Armitage, 1975, Cutress and Healy, 1967, Freitas et al., 2008, 
Graham and Dow, 1990, Miller and Beighton, 1979, Mulvaney et al., 1964, Stoller et al., 1989). In 
koalas the stain deposits onto specific locations and by monitoring this, any abnormal staining can 
be translated into a physical abnormality in the oral cavity. Intrinsic tooth staining only occurred in 
the captive animals, and overall the captive group recorded more stain anomalies than the free-
range group. 
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The hard palate in the koala is very distinct with incisive papillae and thickly raised ruga and covers 
the anterior two thirds of the palate vault. It is developed during the neonatal phase of development 
and assists with suckling (Lillegraven, 1975). The role in later life is assisting in mastication. 
Identification of rugae patterns were found to aid in the discovery of prior injuries to the maxillae. 
Jaw fractures and possible congenital defects were suspected as the primary causes of the hard 
palate rugae displacement. Jaw fractures from motor vehicle incidences represented 92.4% of all head 
injuries. On separation of the fractures by jaw, the mandible had a fracture rate of 77.3%. A similar rate 
was found in a population in 1990. However, the maxillae fracture rate had increased from 59% in 1990 
to 70% in the study (Canfield, 1991).  
 
In Chapter 3 historical evidence showed that, there was evidence of some level of gingivitis, tooth 
and bone loss. Suggesting that PD may be present. The two previous chapters did show that 
periodontal disease is present in the free-range and captive koala. Chapter 3 also showed evidence 
of trauma associated injuries, tongue wounds, cranial tumours, infections, and fractures. This 
chapter proves that all those mentioned above and more such as malocclusion, supernumerary teeth, 
attrition, abrasion, dehiscences and fenestrations are all part of the oral health of the koala. 
Conditions are selective, in that many are only present in free-range, due to a difference in lifestyle 
from the captive koala. This places the free-range koala at a high level of concern over the oral 
health status of these animals. However, despite the free-range koala being at high risk of having 
more medical problems, the captive koala necessitates more demand in oral health care to prevent 
the current malocclusion problem spreading throughout the captive populations. As those koalas are 
the gene pool of the future koala, they need to be kept at the best of health. This chapter reported 
many oral conditions that are of concern within the husbandry of the koala. Development of a 
method of surveillance and a framework of husbandry rules are required in the future to prevent 
suffering from many of the conditions reported here. 
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: Concluding Remarks Chapter 9
 
The central hypotheses of this work was to ascertain whether there was a requirement in the 
husbandry of koala to have a species specific oral health charting system and to further ascertain the 
current oral conditions within the koala oral cavity. The discovery of oral disease, trauma, 
malocclusion, and other irregularities of the teeth makes this thesis a landmark document that 
identifies an urgent need to incorporate oral surveillance into the daily husbandry system of the 
species.  
 
In this two-phase study initially the research looked into what would be the best way to develop a 
charting method that would appeal to clinicians in style and purpose. To do this required an 
examination into the history of koala charting, how the charts developed over time, and what was 
the most effectual documentation method. Once this was identified, development and testing of a 
koala oral health chart prototype was undertaken. The results from testing the first prototype 
identified areas that required modification. From there the second phase of this thesis could be 
undertaken. Initially, the developed indexes within the charting system, which were developed to be 
compatible with other mainstream index systems, were analysed.    
 
In the hospitalised free-range koala, the research presented here provides the baseline of conditions. 
Any future work would be based on the levels shown here, and any work on the captive koala 
should aim at being better than those levels of periodontal conditions. In the captive koala, this 
research identified problems only related to captive koalas. Issues such as malocclusions showed 
that the original problem possibly came from a single type in the free-range koalas. Evidence 
indicates that removal of the three other serious malocclusion types would be through improved 
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mating selection. Generational breeding should remove the occlusal errors if further evidence 
provides affirmation that the issue is genetic. This condition may be similar to the testicular 
abnormality related to inbreeding on Kangaroo Island, Eyre Peninsula and French Island (Cristescu 
et al., 2009, Seymour, 2001). Inbreeding in humans have produced orally related errors, particularly 
changes in tooth size (Niswander, 1975, Niswander and Chung, 1965). 
 
There may be errors when comparing captive and free-range conditions based on age as the age 
classing system has recently been questioned (Melzer et al., 2011). In this study, it was also noticed 
that the tooth wear of the captive koalas was less when placed against comparative free-range 
koalas (Figure 9-1).It was detected in Chapter 3 that the tooth wear classing system at the koala 
hospital was also faulty. Isolated cases of increased maxillary wear that did not match the wear in 
the mandibular teeth were also shown in this study. Additionally, when comparing animals from 
TWC 7 and an animal above 10 years old in the captive colonies, the captive koalas showed a 
slowdown in wearing; many old captive koalas still had good occlusal surfaces while their free-
range counterparts’ occlusal surfaces were parallel with the gingival crest.  
Figure 9-1: Captive koala (right) and free-range koala (left) both at 
TWC 3 and age 3. Notice captive premolar has less wear (evident by 
the presence of stain on the occlusal surface) when compared to its 
counterpart the hospitalised free-range 
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The tough plant material when combined with tooth contact brushes off plaque, calculus, stain 
keeping the mouth fairly clean in the free-range koala. However, there are areas where no contact 
exists, and the stain deposits remain constantly over life. This means that the stain deposits of the 
koala are reliable source to use in detecting oral conditions. Although, it was stated the in Chapter 4 
that untrained examiners did find it difficult to detect the difference between calculus and a stain 
deposit. Possibly, with further study the regular staining could also be used as a secondary tool in 
the age estimation process.   
 
The vegetation moving through the oral cavity did create heavy abrasion and attrition plus 
abfraction on the vertical surfaces of the teeth. The teeth affected were mainly from the free-range 
group and were found to be linked with tooth mobility. Excessive wear was not a major issue in the 
captive koala.  
 
Traumatic injuries to the oral cavity were a major finding in the free-range koala, and at times 
evidence of a previous injury provided clues as to what had happened in the past to cause the injury. 
In particular, the hard palate revealed interesting evidence when the rugae became displaced. 
Evidence during an examination could separate hard palate conditions into two areas, congenital or trauma 
related. For example, modified rugae patterns with any other additional evidence, such as tooth loss or 
displacement, could lead to determining congenital errors. Information coming from the hard palate or other 
areas shows that the koala oral cavity can draw up more indications into how problems have occurred, in the 
past and in the present. Such discoveries were found within Chapter 6, and in Chapter 3, where clues of what 
may have occurred to koalas was identified in the observational information from the keepers and volunteers.  
 
Periodontal disease is a newly discovered medical condition in the koala that now requires 
monitoring in every koala colony. Although serious bone loss as found in the free-range koala was 
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not present in the captive, the precursor’s gingivitis and calculus were at very high levels. 
Additionally, the discovery of spontaneous bleeding and a possible link to leukemic patients is a 
concerning matter. There was no evidence of this form of bleeding in the free-range koala. In the 
free-range koalas close to 50% of the koalas had periodontal disease, a similar result has been seen 
in other species  (Fecchio et al., 2006, Fecchio et al., 2008).  
 
This study only used rehabilitation and captive koalas from South East Queensland and therefore 
the findings relate to this region. However, it would be probable that the information could be 
reliably used when discussing the southern koalas. Even more ideal would be an identical study 
based on Chapters 6 and 7 performed on koalas from the southern states of Australia. From there 
koalas based overseas and island colonies would be excellent study groups to answer further 
questions that have arisen from this body of work. For example, cephalometric studies comparing 
the normal occlusion to the malocclusions to discover the true nature of development of the 
physical disturbance. The captive colonies did have wide variations in numbers; this was 
unavoidable as it is common for facilities to have differing population numbers. Any suggestion of 
statistical error must take into regard the difficulty in obtaining exact numbered colonies.  
 
Other studies that are related to this work have been recently adding to the evidence that oral 
disease is present in the koala. Some focus on the microbiota of the oral cavity (Mikkelsen et al., 
2008b, Mikkelsen et al., 2008a), which links to the question as to why can oral disease occur when 
the food source contains oral antimicrobial, antifungal, antiviral substances; such as 1,8-cineole, 
terpenes, cyanogenic glycosides, rutin and tannins (McLean and Foley, 1997, Moore et al., 2005). A 
study that was developed during the process of this body of work showed evidence that severe bone 
loss did occur in the koala (Lee et al., 2011). There needs to be more work on the oral microbiome 
in the oral cavity, interesting aspects would be a comparison between pre pap and post pap or 
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during the lactating stage where the young mouth is sealed to the teat. Familial transmitting of oral 
microbiomes could be occurring at this stage.  
 
Interest in the oral health of koalas has begun to flow through the academic world since the 
publication of the oral health chart (Mees, 2015). Ideally, the captive koala facilities should 
incorporate the examination into their annual check-ups and education keepers on key indicators of 
declining oral health. To assist with this an oral health charting system user manual will be 
published. 
 
Overall, this work has documented techniques into discovering evidence for the need of a species-
specific oral health detection system, identified koala specific oral health issues and produced 
clinical assessment tools that are statistically reliable and comparable to oral health charting used in 
other species. It has also provided the foundation for future studies into periodontal disease and 
other disorders in the oral cavity of the koala.  
 
 
 
 
 
 
 
 
 291 
 
Appendix A 
 
 
A-1 Koala Oral Health Examination Form (Front page) 
A-2 Koala Oral Health Examination Form (Back page) 
A-3 Visual Chart for assisting diagnosis of oral health 
A-4 General Examination Protocols 
A-5 General Oral Cavity section criteria page 1 
A-6 General Oral Cavity section criteria page 2 
A-7 General Oral Cavity section criteria page 3 
 
 
 
 
 
 
 292 
 
A-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 293 
 
A-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A-3 
 294 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A-4 
 295 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 296 
 
A-5 
 297 
 
A-6 
 298 
 
 
A-7 
 
 
 
 
 
 
 
 
 
 
 
 299 
 
References 
 
Aas, J. A., Paster, B. J., Stokes, L. N., Olsen, I. & Dewhirst, F. E. 2005. Defining the normal bacterial flora 
of the oral cavity. Journal of Clinical Microbiology, 43, 5721-5732. 
Abbott, P. V. 2004. Assessing restored teeth with pulp and periapical diseases for the presence of cracks, 
caries and marginal breakdown. Australian Dental Journal, 49, 33-39. 
Abdellatif, H. M. & Burt, B. A. 1987. An epidemiological investigation into the relative importance of age 
and oral hygiene status as determinants of periodontis. Journal of Dental Research, 66, 13-18. 
Abs 2009. Australian National Accounts. In: STATISTICS, A. B. O. (ed.). Australian Government. 
Ainamo, J., Barnes, D., Beagrie, G., Cutress, T. W., Martin, J. & Sardo-Infirri, J. 1982. Development of the 
World Health Organization (WHO) community periodontal index of treatment needs (CPITN). 
International Dental Journal, 32, 281-91. 
Ainamo, J. & Bay, I. 1975. Problems and proposals for recording Gingivitis and Plaque. International Dental 
Journal, 25, 229-35. 
Aitchison, G. U. & Spence, J. A. 1984. Dental disease in Hill Sheep: An abattoir Survey. Journal of 
Comparative Pathology, 94, 285-300. 
Akcakaya, H. R., Burgman, M. A. & Ginzburg, L. R. 1999. Applied Population Ecology, Sunderland, 
Massachusetts USA, Sinaeur Associaties, Incorporated. 
Aleksejuniene, J. 2006. Inter-individual variation in the plaque formation rate of young individuals. Int J 
Dent Hygiene, 4, 35-40. 
Alexander, A. G. 1970. Partial mouth recording of Gingivitis, Plaque and Calculus in Epidemiological 
Surveys. Journal of Periodontal Research, 8, 141-147. 
Alexander, A. G., Leon, A. R., Ribbons, J. W. & Morganstein, S. I. 1971. An assessment of the inter- and 
intra- examiner agreement in scoring gingivitis clinically. Journal of Periodontal Research, 6, 146-
151. 
Alfano, N., Courtiol, A., Vielgrader, H., Timms, P., Roca, A. L. & Greenwood, A. D. 2015. Variation in 
koala microbiomes within and between individuals: effect of body region and captivity status. 
Scientific Reports, 5, 10189. 
Alkhatib, M. N., Holt, R. & Bedi, R. 2004. Prevalence of self-assessed tooth discolouration in the United 
Kingdom. Journal of Dentistry, 32, 561-566. 
Almeida, M. A., Phillips, C., Kula, K. & Tulloch, C. 1995. Stability of the palatal rugae as Landmarks for 
Analysis of Dental Casts. The Angle Orthodontist, 65, 43-48. 
Alvesalo, L. 2009. Human sex chromosomes in oral and craniofacial growth. Archives of Oral Biology, 54S, 
S18-S24. 
 300 
 
Andrews, A. H. 1985. Anatomy of the oral cavity, eruption and development abnormalities in ruminants. In: 
HARVEY, C. E. (ed.) Veterinary Dentistry. Philadelphia, US: W.B. Saunders. 
Angle, E. H. 1899. Classification of Malocclusion. The Dental Cosmos, 41, 248-264. 
Anon 1994. Recommended Minimum Standards for Exhibiting Fauna in Queensland. Part A. Koalas 
Phascolarctos cinereus. Brisbane: Queensland Wildlife Parks Association. 
Anon 1998. National Koala Conservation Strategy. In: NETWORK, N. K. (ed.). Australian and New 
Zealand Environment and Conservation Council. 
Anon 2003. Position Paper: Diagnosis of Periodontal Diseases. Journal of Periodontology, 74, 1237-1247. 
Anon 2005. Epidemiology of Periodontal Diseases. Journal of Periodontology, 76, 1406-1419. 
Anon 2007. Code of Practice: Minimum standards for exhibiting wildlife in Queensland. In: AGENCY, E. P. 
(ed.). Brisbane, Queensland: Environmental Protection Agency 
Australasian Regional Association of Zoological Parks and Aquaria Queensland. 
Anon 2009. Decline of the Koala Coast koala population: Population status in 2008. In: MANAGEMENT, 
D. O. E. A. R. (ed.). Brisbane: Department of Environment and Resource Management. 
Anon 2012. Commonwealth Conservation Advice on Phascolarctos cinereus (combined population in 
Queensland, New South Wales and the Australian Capital Territory). In: ENVIRONMENT, D. O. 
(ed.). Canberra: Threatened Species Scientific Committee. 
Anon. 2014. Giant Panda Surgery: Dental Surgery [Online]. http://www.pandasurgery.org.  [Accessed 
8/11/14 2014]. 
Anon. 2015. Molar Extraction and Repair of Oral Nasal Fistula in female Koala [Online]. 
http://www.colyerinstitute.org/: Colyer Institute.  [Accessed 07/01 2015]. 
Antiabong, J. F., Boardman, W., Smith, I., Brown, M. H., Ball, A. S. & Goodman, A. E. 2013. A molecular 
survey of a captive wallaby population for periodontopathogens and the co-incidence of 
Fusobacterium necrophorum subspecies necrophorum with periodontal diseases. Veterinary 
Microbiology, 163, 335-343. 
Aplin, K. P. 1990. Basicranial regions of diprotodontian marsupials: anatomy, ontogeny and phylogeny. 
PhD dissertation, University of New South Wales. 
Archer, M. 1976. Phascolarctid origins and the potential of the selenodont molar in the evolution of 
Diprotodont Marsupials. Memoirs of the Queensland Museum, 17, 367-371. 
Archer, M. 1977. Koobor Notabilis (De Vis), an unusual Koala from the Pliocene Chinchilla Sand. Mem. Qd 
Mus., 18, 31-5. 
Archer, M. 1978. The nature of the Molar-Premolar boundary in marsupials and a reinterpretation of the 
Homology of Marsupial Cheek Teeth. Memoirs of the Queensland Museum, 18, 157-164. 
Ardran, G. M. & Ride, W. D. L. 1958. A radiographic analysis of mastication and swallowing in the 
domestic Rabbit: Oryctolagus cuniculus. Proceedings of the Zoological Society of London, 130, 257-
274. 
 301 
 
Armitage, G. C. 1996. Manual periodontal probing in supportive periodontal treatment. Periodontology 
2000, 12, 33-39. 
Armitage, P. L. 1975. The Extraction and Identification of Opal Phytoliths from the Teeth of Ungulates. 
Journal of Archaeological Science, 2, 187-197. 
Ashley, F. P. & Naylor, M. N. 1970. The effect of dietary carbohydrates on the deposition of calculus in 
baboons. Journal of Periodontal Research, 5, 56-59. 
Avdc. 2010. Veterinary Dental Nomenclature [Online]. American Veterinary Dental College. Available: 
http://www.avdc.org/nomenclature.html [Accessed 14/01/2011 2010]. 
Avds. 2007. AVDS Position Statement [Online]. Australian Veterinary Dental Society. Available: 
http://www.petdental.com.au/index.html [Accessed 30-07-2007 2007]. 
Aza, S. C. T. 2012. Red panda Care Manual, Silver Spring, MD, Assocation of Zoos and Aquariums. 
Bajaj, D., Park, G. D., Quinn, D. & Arola, D. 2010. Fracture Processes and Mechanisms of Crack Growth 
Resistance in Human Enamel. Journal of Minerals, Metals and Materials, 62, 76-82. 
Barnett, M. L., Charles, C. H., Gilman, R. M. & Bartels, L. L. 1989. Correlation between Volpe-Manhold 
calculus index scores and actual calculus area. Clin Prev Dent, 11, 3-5. 
Beal, A. M. 1990a. Composition of sublingual saliva of the Koala (Phascolarctos cinereus). Comparative 
Biochemistry and Physiology, 97A, 185-188. 
Beal, A. M. 1990b. Secretion rates and composition of parotid saliva in the koala (Phascolarctos cinereus). 
Journal of Zoology; London, 221, 261-274. 
Beal, A. M. 1991. Influence of flow rate and aldosterone administration on mandibular salivary composition 
in the koala (Phascolarctos cinereus). Journal of Zoology; London, 223, 265-279. 
Bechert, U., Mortenson, J., Dierenfeld, E. S., Cheeke, P., Keller, M., Holick, M., Chen, T. C. & Rogers, Q. 
2002. Diet composition and blood values of captive cheetahs (Acinonyx jubatus) fed either 
supplemented meat or commerical food preparations. Journal of Zoo and Wildlife Medicine, 33, 16-
28. 
Beck, J. D., Slade, G. & Offenbacher, S. 2000. Oral disease, cardiovascular disease and systemic 
inflammation. Periodontology 2000, 23, 110-120. 
Beddard, F. E. 1902. Mammalia, London, MacMillan and Co., Ltd. 
Beecher, R. M., Corruccini, R. S. & Freeman, M. 1983. Craniofacial correlates of dietary consistency in a 
nonhuman primate. Journal of Craniofacial Genetic Developmental Biology 3, 193-202. 
Bennett, P. M., Gascoyne, S. C., Hart, M. G., Kirkwood, J. K. & Hawkey, C. M. 1991. Development of 
LYNX: a computer application for disease diagnosis and health monitoring in wild mammals, birds 
and reptiles. The Veterinary Record, 128, 496-499. 
Bird, P. S. 2002. Oral disease in Animals: The Australian perspective. Isolation and Characterisation of 
Black-Pigmented bacteria from the Oral Cavity of Marsupials. Anaerobe, 8, 79-87. 
 302 
 
Blanshard, W. H. 1990. Growth and development of the Koala from Birth to Weaning. In: LEE, A. K., 
HANDASYDE, K. A. & SANSON, G. D. (eds.) Biology of the Koala. Sydney: Surrey Beatty & 
Sons. 
Blanshard, W. H. 1994. Medicine and Husbandry of Koalas. In:  The TG Hungerford Refresher Course for 
Veterinarians. , 19-23 September, Western Plains Zoo, Dubbo NSW. Post Graduate Committee in 
Veterinary Science, University of Sydney. 
Boever, W. J. & Leathers, C. 1973. Pulmonary and Encephalic infection secondary to Lumpy Jaw in 
Kangaroos. The Journal of Zood Animal Medicine, 4, 13-16. 
Booth, R. J. 2000. General husbandry and medical care of Sugar Gliders. In: BONAGURA, J. D. (ed.) Kirk's 
current therapy of small animals. Philadelphia: WB Saunders. 
Booth, R. J. & Blanshard, W. H. 1999. Monotremes and Marsupials: Diseases of Koalas. In: FOWLER, E. 
V. & MILLER, R. E. (eds.) Zoo & Wild Animal Medicine Current Therapy 4. Philadelphia, US: 
W.B. Saunders Company. 
Bourne, D. C., Cracknell, J. M. & Bacon, H. J. 2010. Veterinary issues related to bears (Ursidae). 
International Zoo Yearbook, 44, 16-32. 
Boyde, A. 1984. Dependence of rate of physical erosion on orientation and density in mineralised tissues. 
Anatomy and Embryology, 170, 57-62. 
Brady, A. G., Williams, L. E., Haught, D. & Abee, C. R. 2000. Use of the feed additive sodium 
hexametaphosphate to prevent dental calculus in squirrel monkeys (Saimiri spp.). Comtemporary 
Topics in Laboratory Animal Science, 39, 27-29. 
Braswell, L. D. 1991. Exotic Animal Dentistry. Compendium on Continuing Education for the Veterinarian, 
13, 1229-1233. 
Brown, A. S., Carrick, F. N. & Gordon, G. 1984a. Infertility and other Chlamydial diseases and their effects 
on Koala populations. The Australian Mammal Society Bulletin, 8, 97. 
Brown, A. S., Carrick, F. N., Gordon, G. & Reynolds, K. 1984b. The diagnosis and epidemiology of an 
infertility disease in the female koala. Veterinary Radiology and Ultrasound, 25, 242-248. 
Burmeister, J. A., Best, A. M., Palcanis, K. G., Caine, F. A. & Ranney, R. R. 1984. Localized juvenile 
periodontitis and generalized severe periodontitis: Clinical Findings. Journal of Clinical 
Periodontology, 11, 181-192. 
Burrows, C. F. & Harvey, C. E. 1985. Oral Examination and Diagnostic Techniques. Veterinary Dentistry 
Sydney: W.B. Saunders Company. 
Bush, M. & Montali, R. J. 1999. Medical Management of Tree Kangaroos. In: FOWLER, M. E. & MILLER, 
R. E. (eds.) Zoo and Wild Animal Medicine Current Therapy 4. Sydney, Australia: W.B. Saunders 
Company. 
 303 
 
Butler, R. 1978. Patterns in Koala Mortality. In: BERGIN, T. J. (ed.) The Koala: Proceedings of the Taronga 
Symposium on Koala Biology, Management and Medicine. Sydney: Zoological Parks Board of 
N.S.W. 
Canfield, P. J. 1989. A survey of urinary tract disease in New South Wales koalas. Australian Veterinary 
Journal, 66, 103-106. 
Canfield, P. J. 1990. Disease studies on New South Wales koalas. In: LEE, A. K., HANDASYDE, K. A. & 
SANSON, G. D. (eds.) Biology of the Koala. Chipping North, Australia: Surrey Beatty & Sons Pty 
Ltd. 
Canfield, P. J. 1991. A Survey of Koala Road Kills in New South Wales. Journal of Wildlife Diseases, 27, 
657-660. 
Canfield, P. J., Brown, A. S., Kelly, W. R. & Sutton, R. H. 1987a. Spontaneous Lymphoid Neoplasia in the 
Koala (Phascolarctos cinereus). Journal of Comparative Pathology, 97, 171-178. 
Canfield, P. J., Perry, R., Brown, A. S. & Mckenzie, R. A. 1987b. Cranio-facial tumours of mixed cartilage 
and bone in koalas (Phascolarctos cinereus). Australian Veterinary Journal, 64, 20-22. 
Carey, A. J., Timms, P., Rawlinson, G., Brumm, J., Nilsson, K., Harris, J. M. & Beagley, K. W. 2010. A 
Multi-Subunit Chlamydial vaccine induces antibody and Cell-Mediated Immunity in immunized 
Koalas (Phascolarctos cinereus): Comparison of Three different Adjuvants. American Journal of 
Reproductive Immunology, 63, 161-172. 
Carlsson, J. 1997. Bacterial metabolism in dental biofilms. Advances in Dental Research, 11, 75-80. 
Carmalt, J. L. 2003. Treatment of a valve diastema in two horses. Equine Veterinary Education, 16, 188-193. 
Carnevale, G., Pontoriero, R. & Hűrzeler, M. B. 1995. Management of furcation involvement. 
Periodontology 2000, 9, 69-89. 
Carrick, F. N., Beutel, T. S., Ellis, W. A. & Howard, N. 1990a. Re-establishment of Koalas in the wild 
following successful rehabilitation. In: GORDON, G., ed. Koalas: Research for Management, 
Brisbane. World Koalas Research Incorporated, 123-28. 
Carrick, F. N., Wood, A. D. & Fyfe, L. 1990b. Standards for treatment of Koalas. In: GORDON, G., ed. 
Koalas - Research for Management, 22-23 September, Brisbane. World Koala Research 
Incorporated, 200. 
Cheo, N. H. F., Schour, I. & Weinmann, J. P. 1948. Effects of Foreign bodies upon the Periodontal Tissues 
of the Ground Squirrel. In:  International Association for Dental Research: Proceedings of Twenty-
Sixth General Meeting, December, Rochester, N.Y. Journal of Dental Research, 732. 
Childs, I. 1991. Japanese Visitors and the Australian Environment. BTR Occasional paper No. 9. Canberra: 
Bureau of Tourism Research. 
Ciancio, S. G. 1986. Current status of indices of Gingivitis. Journal of Clinical Periodontology, 13, 375-378. 
Clarke, D. E. & Cameron, A. 1998. Relationship between diet, dental calculus and periodontal disease in 
domestic and feral cats in Australia. Australian Veterinary Journal, 76, 690-693. 
 304 
 
Cochran, J. A., Ketley, C. E., Sanches, L., Mamai-Homata, E., Oila, A. M., Arnadottir, I. B., Van Loveren, 
C., Whelton, H. P. & O'mullane, D. M. 2004. A standardized photographic method for evaluating 
enamel opacities including fluorosis. Community Dent Oral Epidemiol, 32, 19-27. 
Cogger, H., Ford, H., Johnson, C., Holman, J. & Butler, D. 2003. Impacts of Land Clearing on Australian 
Wildlife in Queensland. WWF Australia. 
Cohen, D. W. & Goldman, H. M. 1960. Oral disease in Primates. Annals of the New York Academy of 
Sciences, 889-909. 
Cohen, J. 1960. A coefficient of agreement for nominal scales. Education Psychology Measurement, 20, 37-
46. 
Coles, S. V. 1996. Is your dental record keeping adequate? Australian Veterinary Journal, 74, 19-22. 
Colyer, F. 1930. Four Lectures on "Abnormal Conditions of the Teeth of Animals in their Relationship to 
Similiar Conditions in Man", London, The Dental Board of the United Kingdom. 
Colyer, J. F. 1936. Variation and Diseases of the Teeth in Animals, London, John Bale. 
Cordes, V., Lȕpke, M., Gardemin, M., Seifert, H. & Stasyk, C. 2012. Periodontal Biomechanics: Finite 
element simulations of closing stroke and power stroke in Equine cheek Teeth. BMC Veterinary 
Research, 8. 
Cristecu, R., Tanaka, M., Herbert, C., Carlyon, K., Wilton, A., Whisson, D., Handasyde, K., Cahill, V. & 
Cooper, D. 2006. Genetic variation in koalas on French Island (Victoria) and Kangaroo Island 
(South Australia) and the likely effect of contraception protocols on its retention. AWMS Conference, 
Auckland. 
Cristescu, R., Cahill, V., Sherwin, W. B., Handasyde, K. A., Carlyon, K., Whisson, D., Herbert, C., Carlsson, 
B. L. J., Wilton, A. & Cooper, D. 2009. Inbreeding and testicular abnormalities in a bottlenecked 
population of koalas (Phascolarctos cinereus). Wildlife Research, 36, 299-308. 
Crossley, D. A. 1995. Dental Disease in Rabbits and Herbivorous Rodents. 
Crossley, D. A. 2001. Dental disease in Chinchillas in the UK. Journal of Small Animal Practice, 42, 12-19. 
Crossley, D. A. 2003. Oral biology and disorders of Lagomorphs. Veterinary Clinics of North America. 
Exotic Animal Practice, 6, 629-659. 
Crossley, D. A. & Miguelez, M. 2001. Skull size and cheek-tooth length in wild-caught and captive-bred 
chinchillas. Archives of Oral Biology, 46, 919-928. 
Cuozzo, F., Sauther, M. L., Gould, L., Sussman, R. W., Villers, L. M. & Lent, C. 2010. Variation in Dental 
Wear and Tooth Loss Among Known-Aged, Older Ring-Tailed Lemurs (Lemur catta): A 
Comparison Between Wild and Captive Individuals. American Journal of Primatology, 72, 1026-
1037. 
Cutress, T. W. & Healy, W. B. 1967. Calcified Deposits on Sheep Incisor Teeth. Journal of Dental 
Research, 46, 1363-1367. 
 305 
 
Da Silva, M. O., Kortegaard, H. E., Choong, S. S., Arnbjerg, J. & Bertelsen, M. F. 2011. Resorptive Tooth 
Root Lesions in the Malayan Tapir (Tapirus indicus). Journal of Zoo and Wildlife Medicine, 42, 40-
43. 
Datta, A. 1997. John Gould in Australia: Letters and Drawings, Victoria, Melbourne University Press. 
Davies, G. N. 1968. The different requirements of Periodontal indices for Prevalence Studies and Clinical 
Trials. International Dental Journal, 18, 560-569. 
Davison, C. V. & Young, W. G. 1990. The Muscles of Mastication of Phascolarctos cinereus 
(Phascolarctidae: Marsupialia). Aust. J. Zool, 38, 227-40. 
Denissen, H., Kuijkens, A. & Dozic, A. 2007. A photographic method to measure the colour characteristics 
of healthy gingiva. Int J Dent Hygiene, 5, 22-26. 
Denner, J. & Young, P. R. 2013. Koala retroviruses: characterization and impact on the life of koalas. 
Retrovirology, 10. 
Dewhirst, F. E., Chen, T. C., Izard, J., Paster, B. J., Tanner, A. C. R., Wen-Han, Y., Lakshmanan, A. & 
Wade, W. G. 2010. The Human Oral Microbiome. Journal of Bacteriology, 192, 5002-5017. 
Dickens, R. K. 1976. The Koala in health and disease. Proceedings No. 36 of course for Post-Graduate 
Veterinarians. Fauna Part B. 
Dierenfeld, E. S., Thomas, D. & Ives, R. 2006. Comparison of Commonly used Diets on Intake, Digestion, 
Growth, and Health in Captive Sugar Gliders. Journal of Exotic Pet Medicine, 15, 218-224. 
Dique, D. S., Preece, H. J., Thompson, J. & De Villiers, D. L. 2004. Determining the distribution and 
abundance of a regional koala population in south east Queensland for conservation management. 
Wildlife Research, 31. 
Dique, D. S., Thompson, J., Preece, H. J., Penfold, G. C., De Villiers, D. L. & Leslie, R. S. 2003. Koala 
mortality on roads in south east Queensland: the koala speed-zone trial. Wildlife Research, 30, 419-
426. 
Dixon, P. M. 2002. The Gross, Histological, and Ultrastructural Anatomy of Equine Teeth and Their 
Relationship to Disease. In:  Proceedings of the Annual Convention of the AAEP, 421-437. 
Dixon, P. M. & Dacre, I. 2005. A Review of Equine Dental Disorders. The Veterinary Journal, 169, 165-
187. 
Dixon, P. M., Tremaine, W. H., Pickles, K., Kuhns, L., Hawe, C., Mccann, J., Mcgorum, B. C., Railton, D. I. 
& Brammer, S. 2000a. Equine dental disease Part 3: a long-term study of 400 cases: disorders of 
wear, traumatic damage and idiopathic fractures, tumours and miscellaneous disorders of the cheek 
teeth. Equine Veterinary Journal, 32, 9-18. 
Dixon, P. M., Tremaine, W. H., Pickles, K., Kuhns, L., Hawe, C., Mccann, J., Mcgorum, B. C., Railton, D. I. 
& Brammer, S. 2000b. Equine Dental Disease Part 4: a long-term study of 400 cases: apical 
infections of cheek teeth. Equine Veterinary Journal, 32, 182-194. 
 306 
 
Dobereiner, J., Dutra, I. S., Rosa, I. V. & Blobel, H. 2000. "Cara inchada" of cattle, an infectious, apparently 
soil antibiotics-dependant periodontitis in Brazil. Pesq. Vet. Bras., 20, 47-4. 
Drake, B., Miller, B. & Morley, N. W. 1991. Management of koalas in captivity. In: LEE, A. K., 
HANDASYDE, K. & SANSON, G. D. (eds.) Biology of the Koala. Sydney: Surrey Beatty & Sons 
and the World Koala Research Corporation. 
Du Toit, N., Burden, F. A., Baedt, L. G., Shaw, D. J. & Dixon, P. M. 2009a. Dimensions of diastemata and 
associated food pockets in donkey cheek teeth. Journal of Veterinary Dentistry, 26, 10-14. 
Du Toit, N., Burden, F. A. & Dixon, P. M. 2009b. Clinical dental examinations of 357 donkeys in the UK. 
Part 1: Prevalence of dental disorders. Equine Veterinary Journal, 41, 390-394. 
Du Toit, N., Burden, F. A. & Dixon, P. M. 2009c. Clinical dental examinations of 357 donkeys in the UK. 
Part 2: Epidemiological studies on the potential relationships between different dental disorders, and 
between dental disease and systemic disorders. Equine Veterinary Journal, 41, 395-400. 
Du Toit, N. & Dixon, P. M. 2011. Common dental disorders in the Donkey. Equine Veterinary Education, 1-
7. 
Du Toit, N., Gallagher, J., Burden, F. A. & Dixon, P. M. 2008. Post mortem survey of dental disorders in 
349 donkeys from an aged population (2005-2006). Part 1: Prevalence of specific dental disorders. 
Equine Veterinary Journal, 40, 204-208. 
Dupont, G. 2005. Dentistry in Exotic animals in Private Practice. In:  30th World Congress of the World 
Small Animal Veterinary Association, Mexico City, Mexico. WSAVA. 
Earnhardt, J. M., Thompson, S. D. & Willis, K. 1995. ISIS Database: An evaluation of records essential for 
Captive management. Zoo Biology, 14, 493-508. 
Eberhard, I. H. 1972. Ecology of the koala, Phascolarctos cinereus (Goldfuss), on Flinders Chase, Kangaroo 
Island. Ph.D., University of Adelaide. 
Eccles, J. D. 1979. Dental erosion of nonindustrial origan. A clinical survey and classification. The Journal 
of Prosthetic Dentistry, 42, 649-653. 
Eckersberg, T. 1969. Hair impaction in the gingiva of germfree albino rat. Journal of Periodontal Research, 
4, 159-171. 
Edel, A. 1981. Alveolar bone fenestrations and dehiscences in dry Bedouin jaws. Journal of Clinical 
Periodontology, 8, 491-499. 
Ellis, S. & Wildt, D. 1998. Technical Meeting for the Review of the Biomedical Survey of Giant Pandas in 
Captivity in China. Draft Workshop Report. Apple Valley, MN: IUCN/SSC Conservation Breeding 
Specialist Group. 
English, J. D., Buschang, P. H. & Throckmorton, G. S. 2002. Does Malocculsion Affect Masticatory 
Performance? Angle Orthodontist, 72, 21-27. 
 307 
 
Epa. 2007. Environmental Protection Agency: Report on Koala Coast Surveys 2005-2006. Available: 
http://www.epa.qld.gov.au/publications/p02181aa.pdf/Report_on_Koala_Coast_koala_surveys_2005
2006.pdf [Accessed March 2009]. 
Ericsson, I. 1986. The combined effects of plaque and physical stress on periodontal tissues. Journal of 
Clinical Periodontology, 13, 918-922. 
Ericsson, I. & Lindhe, J. 1982. Effect of longstanding jiggling on experimental marginal periodontitis in the 
beagle dog. Journal of Clinical Periodontology, 9. 
Eriksson, P., Zidar, J., White, D., Westander, J. & Andersson, M. 2010. Current Husbandry of Red Pandas 
(Ailurus fulgens) in Zoos. Zoo Biology, 29, 732-740. 
Fagan, D. A., Oosterhuis, J. E. & Benirschke, M. D. 2005. "Lumpy Jaw" in exotic hoof stock: A 
histopathologic interpretation with a treatment proposal. Journal of Zoo and Wildlife Medicine, 36, 
36-43. 
Fagan, D. A. & Ulrey, D. E. 2008. Dental Malocculsion in a Coarse-Haired Wombat (Vombatus ursinus). 
Journal of Veterinary Dentistry, 25, 240-244. 
Fahmi, F. M., Al-Shamrani, S. M. & Talic, Y. F. 2001. Rugae pattern in a Saudi population sample of males 
and females. Saudi Dental Journal, 13, 87-91. 
Fanning, A. E., Vowles, N. J. & Van Der Wielen, I. 1968. The effects of Fluoride dentifrices on the 
incidence and distribution of Stained tooth surfaces in children. Archives of Oral Biology, 13, 467-
469. 
Fecchio, R. S., Gomes, M. S. & Gioso, M. A. 2006. Prevalence of Oral Diseases in Capuchin monkey 
(Cebus apella). In:  20th Annual Veterinary Dental Forum, Portland, US. 
Fecchio, R. S., Gomes, M. S., Rossi Jnr, J. L. & Gioso, M. A. 2008. Oral Diseases in Captive Capuchin 
Monkeys. Exotic DVM, 10, 15-20. 
Fischman, S. L. 1986. Current status of indices of Plaque. Journal of Clinical Periodontology, 13, 371-374. 
Fleming, M. & Burn, C. C. 2014. Behavioural assessment of dental pain in captive Malayan sun bears 
(Helarctos malayanus). Animal Welfare, 23, 131-140. 
Flower, W. H. 1867. On the Development and Succession of the Teeth in the Marsupials. Philosophical 
Transactions of the Royal; Society of London, 157, 631-641. 
Forbes, W. A. 1881. On some points in the Anatomy of the Koalas. Proceedings of the Zoological Society of 
London, 180-195. 
Franz-Odendaal, T. A. 2004. Enamel hypoplasia provides insights into early systemic stress in wild and 
captive giraffes (Giraffa camelopardalis). Journal of Zoology, London, 263, 197-206. 
Franzmann, A. W. 1986. Wildlife Medicine. In: FOWLER, M. E. (ed.) Zoo & Wild Animal Medicine. 
Denver, Colorado, US: W.B. Saunders Company. 
 308 
 
Freitas, E. P., Rahal, S. C., Teixeira, C. R., Teixeira, R. H. F., Mendes, G. M. & Gioso, M. A. 2008. Oral 
Cavity evaluation and Dental Chart registration of Coati (Nasua nasua) in Captivity. Journal of 
Veterinary Dentistry, 25, 110-117. 
Friedman, L. A., Levy, B. M. & Ennever, J. 1972. Epidemiology of Gingivitis and Calculus in a Marmoset 
Colony. Journal of Dental Research, 51, 803-806. 
Gaengler, P., Goebel, G., Kurbad, G. & Kosa, W. 1988. Assessment of periodontal disease and dental caries 
in a population survey using the CPITN, GPM/T and DMF/T indices. Community Dentistry and 
Oral Epidemiology, 16, 236-239. 
Gamble, K. C. 2004. Marsupial care and husbandry. Veterinary Clinics of North America. Exotic Animal 
Practice, 7, 283-298. 
Garcia, R. J., Henshaw, M. M. & Krall, E. A. 2000. Relationship between periodontal disease and systemic 
health. Periodontology 2000, 25, 21-36. 
Gardiner, M. R. & Nairn, M. E. 1964. Cryptococcosis in Koalas in Western Australia. Australian Veterinary 
Journal, 40. 
Gawor, J. P., Reiter, A. M., Jodkowska, K., Kurski, G., Wojtacki, M. P. & Kurek, A. 2006. Influence of Diet 
on Oral Health in Cats and Dogs. Journal of Nutrition, 136, 2021S-2023S. 
Gaynor, W. & English, A. W. 1994. The role of the Veterinarian in Wildlife Management. In: BRYDEN, D., 
ed. The T.G. Hungerford Refresher Course, University of Sydney, Australia. Post Graduate 
Committee in Veterinary Science, 449-457. 
Gemmell, R. T., Peters, B. & Nelson, J. 1988. Ultrastructural identification of Merkel cells around the mouth 
of the newborn Marsupial. Anatomy and Embryology, 177, 403-408. 
Genco, R. J. & Lȍe, H. 1993. The role of systemic conditions and disorders in periodontal disease. 
Periodontology 2000, 2, 98-116. 
Gibbons, R. J. 1996. Role of adhesion in microbial colonization of host tissues: a contribution of oral 
microbiology. Journal of Dental Research, 75, 866-870. 
Gibbons, R. J., Socransky, S. S., Sawyer, S., Kapsimales, B. & Macdonald, J. B. 1963. The microbiota of the 
gingival crevice area of man II, The predominant cultivable microorganisms. Archives of Oral 
Biology, 8, 281-289. 
Gibson, B. W., Mcguffey, L., Raflo, C. P. & Niemiec, B. A. 2008. Establishing a standardized dental record-
keeping system for a small investigational colony of rhesus monkeys (Macaca mulatta). Journal of 
Medical Primatology, 37, 5-10. 
Girard, N., Servet, E. & Biourge, V. 2009. Periodontal Health Status in a Colony of 109 Cats. Journal of 
Veterinary Dentistry, 26, 147-155. 
Gisburne, T. J. & Feldhamer, G. A. 2005. Dental anomalies in the gray fox Urocyon cinereoargenteus and 
the red fox Vulpes vulpes. Acta Theriologica, 50, 515-520. 
 309 
 
Glatt, S. E., Francl, K. E. & Scheels, J. L. 2008. A survey of current dental problems and treatments of zoo 
animals. International Zoo Yearbook, 42, 206-213. 
Glavind, L. & Lȍe, H. 1967. Errors in the clinical assessment of periodontal destruction. Journal of 
Periodontal Research, 2, 180-184. 
Glaze, R. L., Hoefs, M. & Bunch, T. D. 1982. Aberrations of the tooth arcade and mandible in Dall's sheep 
from Southwestern Yukon. Journal of Wildlife Diseases, 18, 305-309. 
Glick, C., Swart, G. & Woolf, A. 1979. Dental Caries, Periodontal Abscesses, and extensive Cranial Osteitis 
in a Captive Lowland Gorilla (Gorilla gorilla gorilla). The Journal of Zoo Animal Medicine, 10, 94-
97. 
Goldman, C. G. 2002. Evidence of Helicobacter sp. in Dental Plaque of Captive Dolphins (Tursiops 
gephyreus). Journal of Wildlife Diseases, 38, 644-648. 
Gordon, G. 1991. Estimation of the age of the koala Phascolarctos cinereus (Marsupialia: Phascolarctidae) 
from tooth wear and growth. Australian Mammalogy, 14, 5-12. 
Gordon, G., Mcgreevy, D. G. & Lawrie, B. C. 1990a. Koala population Turnover and male social 
Organization. In: LEE, A. K., HANDASYDE, K. A. & SANSON, G. D. (eds.) Biology of the Koala. 
Sydney, Australia: Surrey Beatty and Sons. 
Gordon, G., Mcgreevy, D. G. & Lawrie, B. C. 1990b. Koala populations in Queensland: major limiting 
factors. In: LEE, A. K., HANDASYDE, K. A. & SANSON, G. D. (eds.) Biology of the Koala. 
Chipping North, Australia: Surrey Beatty and Sons. 
Govendir, M., Kimble, B. & Li, K. 2015. Hepatic microsomal stability of human CYP2C9 substrates 
between marsupials and the rat: a preliminary study. Journal of Veterinary Pharmacology and 
Therapeutics 38, 58-58. 
Grabowski, W. & Nattrass, R. 1998. Before they're all gone - Maximising the Volunteer Role in Koala 
Conservation. In:  AKF Conference, Brisbane. Australian Koala Foundation, 17-28. 
Graham, M. S. & Dow, P. R. 1990. Dental Care for a Captive Killer Whale, Orcinus orca. Zoo Biology, 9, 
325-330. 
Grand, T. I. 2001. Anatomy and development of the koala, Phascolarctos cinereus: an evolutionary 
perspective on the superfamily Vombatoidea. Anat Embryol, 203, 211-223. 
Greene, J. C. & Vermillion, J. R. 1960. The oral health index: a method for classifying oral hygiene status. 
Journal of American Dental Association, 61, 29-35 
Greene, J. C. & Vermillion, J. R. 1964. The simplified oral hygiene index. Journal of American Dental 
Association, 68, 7-13. 
Greene, T. R., Kuba, C. L. & Irish, J. D. 2005. Quantifying calculus: A suggested new approach for 
recording an important indicator of diet and dental health. Journal of Comparative Human Biology, 
56, 199-132. 
 310 
 
Greenstein, G. 1984. The role of bleeding upon probing in the diagnosis of Periodontal Disease. Journal of 
Periodontology, 55, 684-688. 
Grippo, J. O., Simring, M. & Schreiner, S. 2011. Attrition, abrasion, corrosion and abfraction revisited. 
Journal of American Dental Association, 135, 1109-1118. 
Haberstroh, L. I., Ullrey, D. E., Sikarskie, J. G., Richter, N. A., Colmery, B. H. & Myers, T. D. 1984. Diet 
and Oral Health in Captive Amur Tigers (Panthera tigris altaica). The Journal of Zoo Animal 
Medicine, 15, 142-146. 
Haffajee, A. D. & Socransky, S. S. 1994. Microbial etiological agents of destructive periodontal diseases. 
Periodontology 2000, 5, 78-111. 
Hair, J. F., Black, W. C., Babin, B. J., Anderson, R. E. & Tatham, R. L. 2006. Multivariate Data Analysis 
Upper Saddle River, New Jersey USA, Pearson Education International. 
Hajishengallis, G., Darveau, R. P. & Curtis, M. A. 2012. The keystone-pathogen hypothesis. Nat Rev 
Microbiol, 10, 717-25. 
Hajishengallis, G. & Lamont, R. J. 2012. Beyond the red complex and into more complexity: the 
polymicrobial synergy and dysbiosis (PSD) model of periodontal disease etiology. Mol Oral 
Microbiol, 27, 409-19. 
Hall, E. R. 1940. Supernumerary and missing teeth in Wild Mammals of the Orders Insectivora Journal of 
Dental Research, 19, 103-143. 
Hall, E. R. 1945. Dental Caries in Wild Bears. Transactions of the Kansas Academy of Science (1903-), 48, 
79-85. 
Hall, S. A., Dawson, P. S. & Davies, G. 1980. VIDA II: A computerised diagnostic recording system for 
veterinary investigation centres in Great Britain. Veterinary Record, 106, 260-264. 
Hamp, S. E., Olsson, S. E., Madsen, K. F., Viklands, P. & Fornell, J. 1984. A Macroscopic and Radiologic 
Investigation of Dental Diseases of the Dog. Veterinary Radiology  25, 86-92. 
Hanger, J. J. & Loader, J. 2014. Disease in Wild Koalas (Phascolarctos cinereus) with possible Koala 
Retrovirus Involvement. In: PYE, G. W., JOHNSON, R. N. & GREENWOOD, A. D. (eds.) The 
Koala and its Retroviruses: Implications for Sustainability and Survival. Sydney, NSW, Australia: 
Australian Museum. 
Hare, V. J., Ripsky, D., Battershill, R., Bacon, K., Hawk, K. & Swaisgood, R. R. 2003. Giant Panda 
Enrichment: Meeting everyone's needs. Zoo Biology, 22, 401-416. 
Harper, D. S., Mann, P. H. & Regnier, S. 1990. Measurement of Dietary and Dentifrice effects upon 
Calculus Accumulation Rates in the Domestic Ferret. Journal of Dental Research, 69, 447-450. 
Hauser, G., Daponte, A. & Roberts, M. J. 1989. Palatal rugae. Journal of Anatomy, 165, 247-249. 
Helminen, S. E. 1998. Quality evaluation of oral health record-keeping for Finnish young adults. ACTa 
Odontol Scand, 56, 288-292. 
 311 
 
Helminen, S. E. 1999. Dentists' selection of measures for assessment of oral health risk factors for Finnish 
young adults. ACTa Odontol Scand, 57, 225-230. 
Hemsley, S. W., Canfield, P. J. & Husband, A. J. 1996. The distribution of organised lymphoid tissue in the 
alimentary tracts of koalas (Phascolarctos cinereus) and possums (Trichosurus vulpecula and 
Pseudocheirus peregrinus). Journal of Anatomy, 188, 269-278. 
Hershkovitz, P. 1970. Dental and Periodontal Diseases and Abnormalities in Wild-caught Marmosets 
(Primtes - Callithricidae). American Journal of Physical Anthropology, 32, 377-394. 
Hindell, M. A., Handasyde, K. A. & Lee, A. K. 1985. Tree species selection by Free-ranging Koala 
populations in Victoria. Aust. Wildl. Res., 12, 137-44. 
Hogan, L. A., Johnston, S. D., Lisle, A. T., Keeley, T., Wong, P., Nicolson, V., Horsup, A. B. & Phillips, C. 
J. C. 2011. Behavioural and physiological responses of captive wombats (Lasiorhinus latifrons) to 
regular handling by humans. Applied Animal Behaviour Science, 134, 217-228. 
Holloway, P. J., Shaw, J. H. & Sweeney, E. A. 1961. Effects of various Sucrose:Casein ratios in purified 
diets of the Teeth and Supporting structures of Rats. Archives of Oral Biology, 3, 185-200. 
Holmstrom, S. E., Frost, P. & Eisner, E. R. 1998. Veterinary Dental Techniques., London, W.B. Saunders 
Co. 
Hume, I. D. & Esson, C. 1993. Nutrients, antinutrients and leaf selection by captive koalas. Australian 
Journal of Zoology, 41, 379-392. 
Hungerford, L. L., Mitchell, M. A., Nixon, C. M., Esker, T. E., Sullivan, J. B., Koerkenmeier, R. & Marretta, 
S. M. 1999. Periodontal and dental lesions in Raccoons from a farming and a recreational area in 
Illinois. Journal of Wildlife Diseases, 35, 728-734. 
Hutchinson, G. T. 1958. Some observations on the reliability of the P.M.A. index. Australian Dental 
Journal, 97-100. 
Ismail, A., Eklund, S. A., Striffler, D. F. & Szpunar, S. M. 1987. The prevalence of advanced loss of 
periodontal attachment in two New Mexico populations. Journal of Periodontal Research, 22, 119-
124. 
Isogai, H. 1999. Ecology of Genus Porphyromonas in Canine Periodontal Disease. J. Vet. Med. B., 46, 467-
473. 
Jackson, S., Perry, L., O'callaghan, P., Spittal, D., Romer, L. & Reid, K. 2000. Koala (Phascolarctos 
cinereus) Captive Husbandry Guidelines. Available: http://www.aszk.org.au/docs/koala.pdf 
[Accessed 15.04.07]. 
Jackson, S., Reid, K., Spittal, D. & Romer, L. 2003. Koala (Phascolarctos cinereus) Captive Husbandry 
Guidelines. In: JACKSON, S. (ed.) Australian Mammals: biology and captive management. 
Collingwood, Victoria: CSIRO Publishing. 
Johnson-Delaney, C. A. 2006. Common Procedures in Hedgehogs, Prairie Dogs, Exotic Rodents, and 
Companion Marsupials. Veterinary Clinics of North America. Exotic Animal Practice, 9, 415-435. 
 312 
 
Johnson, G. K. & Sivers, J. E. 1987. Attrition, Abrasion and Erosion: Diagnosis and Therapy. Clinical 
Preventive Dentistry, 9, 12-16. 
Johnston, S. D., Mcgowan, M. R., O'callaghan, P., Cox, R. & Nicolson, V. 2000. Studies of the oestrous 
cycle, oestrus and pregnancy in the Koala. Journal of Reproduction and Fertility, 120, 49-57. 
Kakehashi, S., Baer, P. N. & White, C. L. 1962. Comparative Pathology of Periodontal Disease. In:  
International Association for Dental Research, March St. Louis, MO. 397-406. 
Kantarci, A. & Van Dyke, T. E. 2005. Resolution of Inflammation in Periodontitis. Journal of 
Periodontology, 76, 2168-2174. 
Kapali, S. 1997. Palatal rugae patterns in Australian Aborigines and Caucasians. Australian Dental Journal, 
42, 129-133. 
Kearney, B. & Mcdonald, H. 2004. Interim report cites deficiencies in Animal care and Management, Record 
Keeping, and Pest Control at National Zoo. The National Academies News. National Research 
Council. 
Kessler, D. S., Hope, K. & Maslanka, M. 2009. Behaviour, Nutrition, and Veterinary Care of Patagonian 
Cavies (Dolichotis patagonum). Veterinary Clinics of North America. Exotic Animal Practice, 12, 
267-278. 
Kimble, B., Black, L. A., Li, K. M., Valtchev, P., Gilchrist, S., Gillett, A., Higgins, D. P., Krockenberger, M. 
B. & Govendir, M. 2013. Pharmacokinetics of meloxicam in koalas (Phascolarctos cinereus) after 
intravenous, subcutaneous and oral administration. Journal of Veterinary Pharmacology and 
Therapeutics, 36, 486-493. 
Kingman, A. & Albandar, J. M. 2002. Methodological aspects of epidemiological studies of periodontal 
diseases. Periodontology 2000, 29, 11-30. 
Kirkland, K. D., Mrretta, S. M., Inoue, O. J. & Baker, G. J. 1994. Survey of equine dental disease and 
associated oral pathology. Proceedings of the American Association of Equine Practioners, 40, 119-
120. 
Kitchener, A. C. & Macdonald, A. 2005. The Longevity Legacy: The problem with Old Mammals in Zoos. 
In: HIDDINGA, B., ed. European Associations of Zoos and Aquaria Conference, 21-25 September, 
Amsterdam, Netherlands. EAZA Executive Office, 132-137. 
Klausen, B. & J.G., F. 1983. An epidemiologic survey of oral health in Swaziland. Community Dent Oral 
Epidemiol, 11, 63-68. 
Knightly, F. & Emily, P. E. 2003. Oral disorders of Exotic Ungulates. Veterinary Clinics of North America. 
Exotic Animal Practice, 6, 565-570. 
Kobayashi, K., Kuymakura, M., Yoshimura, K., Nonaka, K., Murayama, Y. & Henneberg, M. 2003. 
Comparative morphological study of the lingual papillae and their connective tissue cores of the 
koala. Anatomy Embryology, 206, 247-254. 
 313 
 
Koch, M. J., Bove, M., Schroff, P., Garcίa-Godoy, F. & Hans-Jȍrg, S. 2001. Black stain and Dental Caries in 
Schoolchildren in Potenza, Italy. Journal of Dentistry for Children, September-December, 353-355. 
Kolenbrander, P. E. 2002. Communication among Oral Bacteria. Microbiol Mol Biol Rev., 66, 486-505. 
Kolenbrander, P. E. & Landon, J. 1993. Adhere today, here tomorrow: oral bacterial adherence. Journal of 
Bacteriology, 175, 3247-3252. 
Kolenbrander, P. E., Palmer, R. J. J., Richard, A. H., Jakubovics, N. S., Chalmers, N. I. & Diaz, P. I. 2006. 
Bacterial interactions and successions during plaque development. Periodontology 2000, 42, 47-79. 
Kollipara, J. R., George, C., Hanger, J. J., Loader, J., Polkinghorne, A., Beagley, K. W. & Timms, P. 2012. 
Vaccination of healthy and diseased koalas (Phascolarctos cinereus) with a Chlamydia pecorum 
multi-subunit vaccine: Evaluation of immunity and pathology. Vaccine, 30, 1875-1885. 
Konopka, A. 2006. Microbial ecology: searching for principles. Microbes and Infection. 
Krall, E. A., Hayes, C. & Garcia, R. J. 1998. How Dentition status and Masticatory function affect Nutrient 
Intake. Journal of American Dental Association, 129, 1261-1269. 
Kraschnefski, K. 2000. Pioneering hospital saves hundreds. News from the Environmental Protection Agency 
and Queensland Parks and Wildlife Service [Online]. Available: http://www.env.qld.gov.au 
[Accessed 14th September, 2004]. 
Kratzing, J. E. 1984. The anatomy and histology of the nasal cavity of the koala (Phascolarctos cinereus). 
Journal of Anatomy, 138, 55-65. 
Krockenberger, M. B. 2003. Cryptococcus neoformans var. gattii in the koala (Phascolarctos cinereus): a 
review of 43 cases of cryptococcosis. Medical Mycology, 41, 225-234. 
Krockenberger, M. B., Canfield, P. J. & Malik, R. 2003. Cryptococcus neoformans var. gattii in the koala 
(Phascolarctos cinereus): a review of 43 cases of cryptococcis. . Medical Mycology, 41, 225-234. 
Kuntze, A. 1999. Oral and Nasal Diseases of Elephants. In: FOWLER, M. E. & MILLER, R. E. (eds.) Zoo & 
Wild Animal Medicine: Current Therapy 4. Sydney: W.B. Saunders Co. 
Kuper, N. K., Opdam, N. J. M., Ruben, J., Bronkhorst, E. M. & Huysmans, M. C. 2012. Does Cyclic 
Loading Influence Secondary Caries Development? In:  International Association of Dental 
Research General Session Iguaçu Falls, Brazil. IADR. 
Kuramitsu, H. K., He, X., Lux, R., Andersen, M. H. & Shi, W. 2007. Interspecies interactions within oral 
microbial communities. Microbiological Molecular Biology Review, 71, 653-670. 
Ladds, P. 2009a. Craniofacial tumours and other osteochondromas, Collingwood, VIC, Australia, CSIRO. 
Ladds, P. 2009b. Pathology of Australian Native Wildlife, Collingwood, Victoria, Australia, CSIRO. 
Landis, J. R. & Koch, G. G. 1977. The Measurement of Observer Agreement for Categorical Data. 
Biometrics, 33, 159-174. 
Lang, N. P., Joss, A., Orsanic, T., Gusberti, F. A. & Siegrist, B. E. 1986. Bleeding on probing. A predictor 
for the progression of periodontal disease? Journal of Clinical Periodontology, 13, 590-596. 
Lantz, G. C. 2011. Management of Selected Mandibular and Maxillary Fractures.  [Accessed 10/11/11]. 
 314 
 
Lanyon, J. M. & Sanson, G. D. 1986a. Koala (Phascolarctos cinereus) dentition and nutrition II. 
Implications of tooth wear in nutrition. Journal of Zoology, London (A), 209, 169-181. 
Lanyon, J. M. & Sanson, G. D. 1986b. Koala (Phascolarctos cinereus) dentition and nutrition. I. 
Morphology and occlusion of cheekteeth. Journal of Zoology, London (A), 209, 155-168. 
Lee, A. K. & Martin, R. W. 1998. The Koala - A Natural History, Sydney, New South Wales University 
Press. 
Lee, E. F., Varanasi, S., Pettett, L. M., Bird, P. S. & Symons, A. L. 2011. Loss of tooth-supporting bone in 
the koala (Phascolarctos cinereus) with age. Australian Journal of Zoology, 59, 49-53. 
Legendre, F. J. 2002. Malocclusions in guinea pigs, chinchillas and Rabbits. Canadian Veterinarian Journal, 
43, 385-390 
 
Lentle, R. G. 1998. Incisor and molar wear in the tammar wallaby (Macropus eugenii Desmarest). Aust. J. 
Zool, 46, 509-527. 
Lillegraven, J. A. 1975. Biological Considerations of the Marsupial-Placental Dichotomy. Evolution, 29, 
707-722. 
Lindhe, J., Hamp, S. E. & Loe, H. 1975. Plaque induced periodontal disease in Beagle Dogs: A 4-year 
clinical, roentgenographical and histometrical study. Journal of Periodontal Research, 10, 243-255. 
Lindhe, J., Hamp, S. E. & Lȍe, H. 1973. Experimental Periodontitis in the Beagle dog. Journal of 
Periodontal Research, 8, 1-10. 
Lindhe, J. & Svanberg, G. 1974. Influence of trauma from Occlusion on Progression of Experimental 
Periodontitis in the Beagle Dog. Journal of Clinical Periodontology, 1, 3-14. 
Listgarten, M. A. 1986. Pathogenesis of Periodontitis. Journal of Clinical Periodontology, 13, 418-425. 
Listgarten, M. A. 1992. Microbiological testing in the diagnosis of periodontal disease. Journal of 
Periodontology, 63, 332-337. 
Loe, H. 1967. The Gingival Index, the Plaque Index and the Retention Index Systems. The Journal of 
Periodontology, 38, 38-44. 
Lȍe, H., Anerud, A., Boysen, H. & Morrison, E. 1986. Natural history of Periodontal Disease in Man. 
Journal of Clinical Periodontology, 13, 431-440. 
Loe, H. & Silness, H. 1963. Periodontal disease in pregnancy. I. Prevalence and severity. Acta Odont. 
Scand., 21, 533-551. 
Lȍe, H., Theilade, E. & Jensen, S. B. 1965. Experimental gingivitis in man. Journal of Periodontology, 36, 
177-187. 
Loesche, W. J. 1976. Chemotherapy of dental plaque infections. Oral Science Review, 9, 65-107. 
Loftin, K. C. 1979. Comparison of the Predominant Cultivable microflora in the dental plaque of Macaca 
mulatta (Rhesus) and Macaca fascicularis (Cynomolgus). J Dent Res, 59, 1606-1612. 
 315 
 
Logan, M. 2003. Effect of tooth wear on the rumination-like behaviour, or merycism, of free-ranging koalas 
(Phascolarctos cinereus). Journal of Mammalogy, 84, 897-902. 
Logan, M. & Sanson, G. D. 2002. The effect of tooth wear on the feeding behaviour of free-ranging koalas 
(Phascolarctos cinereus Goldfuss). J. Zool., London, 256, 63-69. 
Loh, R., Hayes, D., Mahjoor, A., O'hara, A., Pyecroft, S. & Raidal, S. 2005. Devil facial tumour disease in 
Tasmanian devils. In:  Proceedings of the Wildlife Disease Association International Conference,  
Cairns, Australia. 
Lovell, N. C. 1990. Skeletal and Dental Pathology of Free-Ranging Mountain Gorillas. American Journal of 
Physical Anthropology, 81, 399-412. 
Lunney, D., Moon, C. & Matthews, A. 1990. A 1990 survey of the Koala Phascolarctos cinereus population 
at Iluka in Northern New South Wales. In: GORDON, G., ed. Koalas: Research for Management. 
Proceedings of the Brisbane Koala Symposium 22nd-23rd September, Brisbane, Queensland. World 
Koala Research Incorporated, 102-122. 
Lynch, C. D., O'sullivan, V. R., Dockery, P., Mcgillycuddy, C. T. & Sloan, A. J. 2010. Hunter-Schreger 
Band patterns in Human Tooth Enamel. Journal of Anatomy, 217, 106-115. 
Lyne, A. G. & Mort, P. A. 1981. A comparison of skull morphology in the marsupial Bandicoot genus 
Isoodon: Its taxonomic implications and notes on a new species, Isoodon arnhemensis. Australian 
Mammalogy, 4, 107-133. 
Lysell, L. 1955. Plicae palatinae transversae and papilla incisiva in man: a morphologic and genetic study. 
Acta Odontologica Scandinavia, 13, 1-137. 
Maas, M. C. 1991. Enamel Structure and Microwear: An Experimental Study of the Response of Enamel to 
Shearing Force. American Journal of Physical Anthropology, 85, 31-49. 
Maatouk, F., Ameur, A., Ghedira, H., Belgacem, B. & Bourgeois, D. 1998. School oral health survey in 
Kairouan, Tunisia. Eastern Mediterranean Health Journal, 4, 137-141. 
Macpherson, L. M. D., Stephen, K. W., Joiner, A., Schafer, F. & Huntington, E. 2000. Comparison of a 
conventional and modified tooth stain index. J Clin Periodontol, 27, 854-859. 
Madden, T. E. & Caton, J. G. 1994. Animal Models for Periodontal Disease. Methods in Enzymology, 235, 
106-119. 
Mager, D. L., Ximenez-Fyvie, L. A., Haffajee, A. D. & Socransky, S. S. 2003. Distribution of selected 
bacterial species on intraoral surfaces. Journal of Clinical Periodontology, 30, 644-654. 
Mallonee, D. H., Harvey, C. E., Venner, M. & Hammond, B. F. 1988. Bacteriology of Periodontal Disease in 
the Cat. Archives of Oral Biology, 33, 677-683. 
Mandel, I. D. 1974. Indices for measurement of soft accumulations in clinical studies of oral hygiene and 
periodontal disease. Journal of Periodontal Research, 9, 7-30. 
Mans, C. & Donnelly, T. M. 2013. Update on Diseases of Chinchillas. Veterinary Clinics of North America. 
Exotic Animal Practice, 16, 383-406. 
 316 
 
Manville, A.1992. Variability of dental disease in two populations of Great Lakes black bears. In:  
Conference of Bear Research and Management. 
Marks, R. G., Magnusson, I., Taylor, M., Clouser, B., Maruniak, J. & Clark, W. B. 1993. Evaluation of 
reliability and reproducibility of dental indices. J Clin Periodontol, 20, 54-58. 
Marsh, P. D. 1991. Sugar, fluoride, pH and microbial homeostasis in dental plaque. Proceedings of the 
Finnish Dental Society, 87, 515-525. 
Marsh, P. D. 1994. Microbial ecology of dental plaque and its significance in health and disease. Advances in 
Dental Research, 8, 263-71. 
Marsh, P. D. 1999. Microbiologic aspects of dental plaque and dental caries. Dental Clinics of North 
America, 43. 
Marsh, P. D. 2005. Dental plaque: biological significance of a biofilm community life-style. Journal of 
Clinical Periodontology, 32, 7-15. 
Martin, R. W. 1981. Age-specific fertility in three populations of the koala Phascolarctos cinereus Goldfuss, 
in Victoria. Australian Wildlife Research, 8, 275-83. 
Martin, R. W. & Handasyde, K. 1999. The Koala: Natural history, conservation and management, Sydney, 
University of New South Wales. 
Martin, W. 1836. Notes on the anatomy of the koala (Phascolarctos fuscus). . Proceedings of the Zoological 
Society of London, 4, 109-113. 
Mcfall, W. T., Bader, J. D., Rozier, R. G. & Ramsey, D. 1988. Presence of Periodontal Data in Patient 
Records of General Practitioners. The Journal of Periodontology, 59, 445-449. 
Mcglashan, N. D., Obendorf, D. L. & Harington, J. S. 2006. Aspects of the fatal malignant disease among 
the Tasmanian devil population (Sarcophilus laniarius). European Journal of Oncology, 11, 95-102. 
Mchugh, W. D. 1971. The Interdental Gingiva. Journal of Periodontal Research, 6, 227-236. 
Mckinnon, A. J. 2002. Moggill Koala Hospital News. EK News [Online], 1. Available: 
http://www.epa.gov.au [Accessed 12th July, 2007]. 
Mckinnon, A. J. 2004. Moggill Koala Hospital News. EK News [Online], 9. Available: 
http://www.epa.gov.au [Accessed 12th July, 2007]. 
Mclean, S. & Foley, W. J. 1997. Metabolism of Eucalyptus terpenes by herbivorous marsupials. Drug 
Metabolism Reviews, 29, 213-218. 
Meehan, T. P. 1993. Medical Problems of Shrews. In: FOWLER, M. E. (ed.) Zoo & Wild Animal Medicine: 
Current Therapy 3. Sydney: Saunders, W.B. 
Mees, A. 2015. Oral Health Charting in Koalas [Online]. New Jersey: American Veterinary Dental College 
(AVDC). Available: https://www.studyblue.com/notes/note/n/oral-health-charting-in-
koalas/deck/5741541 [Accessed 20-11- 2015]. 
 317 
 
Melzer, A., Ellis, W. A., Gordon, G., Tucker, G., Kindness, R. & Carrick, F. N. 2011. Unusual patterns of 
tooth wear among koalas Phascolarctos cinereus from St. Bees Island, Queensland, require re-
evaluation of criteria for aging koalas by tooth-wear class. Australian Zoologist, 35, 550-554. 
Mikkelsen, D., Milinovich, G. J., Burrell, P. C., Huynh, S. C., Pettett, L. M., Blackall, L. L., Trott, D. J. & 
Bird, P. S. 2008a. Novel Porphyromonas species isolated from oral cavity of marsupials. 48th 
Australian and New Zealand International Association of Dental Research (ANZ IADR) Annual 
Meeting. Perth, Australia. 
Mikkelsen, D., Milinovich, G. J., Burrell, P. C., Huynh, S. C., Pettett, L. M., Blackall, L. L., Trott, D. J. & 
Bird, P. S. 2008b. Phylogenetic analysis of Porphyromonas species isolated from the oral cavity of 
Australian marsupials. Environmental Microbiology, 10, 2425-2432. 
Miles, A. E. W. & Grigson, C. 1990. Colyer's variation and diseases of the teeth of animals., Cambridge, 
UK, Cambridge University Press. 
Miller, J. & Block, J. 2004. Animal Records-Keeping, Washington, USA, Zoo Registrars Group. 
Miller, S. C. 1950. Textbook of Periodontia., Philadelphia, The Blakiston Co. 
Miller, W. A. & Beighton, D. 1979. Bone abnormalities in two groups of macropod skulls: A clue to the 
origin of Lumpy Jaw. Australian Journal of Zoology, 27, 681-89. 
Mitchell, P. Q. 2002. Small Animal Dentistry, Woburn, MA, Butterworth-Heinemann. 
Moore, B. D., Foley, W. J., Wallis, I. R., Cowling, A. & Handasyde, K. 2005. Eucalyptus foliar chemistry 
explains selective feeding by koalas. Biological Letters, 1, 64-67. 
Morgan, R. G. 2001. Quality evaluation of clincial records of a group of general dental practitioners entering 
a quality assurance programme. British Dental Journal, 191, 436-441. 
Muhlemann, H. R. 1977. Psychological and chemical mediators of Gingival health. Journal of Preventive 
Dentistry, 4, 6-16. 
Mulvaney, D. J., Lawton, G. H. & Twidale, C. R. 1964. Archaeological Excavation of Rock Shelter No. 6 
Fromm's Landing, South Australia. Proceedings of the Royal Society of Victoria, 77, 479-516. 
Murmann, D. C., Brumit, P. C., Schrader, B. A. & Senn, D. R. 2006. A comparison of Animal jaws and Bite 
mark patterns. Journal of Forensic Sciences, 51, 846-860. 
Nakajima, K. & Townsend, G. 2009. Lamination of the Masticatory muscles in the Phascolarctos cinereus 
(Koala) According to their Innervations. Okajimas Folia Anatomica Japonica, 86, 7-16. 
Nattrass, A. E. O. & Fielder, K. B. 1990. Koala rescue - the perception and the reality. In: GORDON, G., ed. 
Koalas: Research for Management, 22-23 September,  Brisbane. World Koala Research 
Incorporated, 129-47. 
Nentvichová, M. & Andĕra, M. 2008. Dental anomalies and dental variations in the red fox Vulpes vulpes in 
the Czech Republic. Acta Theriologica, 53, 217-228. 
Newman, H. N. 1998. Periodontal therapeutics –a viable option? International Dental Journal, 48, 173-179. 
Niemiec, B. A. 2008. Periodontal Disease. Topics in Companion Animal Medicine, 23, 72-80. 
 318 
 
Niswander, J. D. 1975. Genetics of Common dental Disorders. Dental Clinics of North America, 19, 197-
207. 
Niswander, J. D. & Chung, C. S. 1965. The Effects of Inbreeding on Tooth Size in Japanese Children. 
American Journal of Human Genetics, 17, 390-398. 
Nunn, C. L. & Smith, K. K. 1998. Statistical Analyses of Developmental Sequences: The Craniofacial 
Region in Marsupial and Placental Mammals. The American Society of Naturalists, 152, 82-101. 
O'regan, H. & Kitchener, A. C. 2005. The effects of captivity on the morphology of captive, domesticated 
and feral mammals. Mammal Review, 35, 215-230. 
Obendorf, D. L. 1983. Causes of Mortality and Morbidity of Wild Koalas, Phascolarctos cinereus 
(Goldfuss), in Victoria, Australia. Journal of Wildlife Diseases, 19, 123-131. 
Overman, P. R. 2000. Biofilm: a new view of plaque. The Journal of Contemporary Dental Practice, 1, 18-
29. 
Owen, R. 1868. On The Anatomy of Vertebrates, London, Longmans. 
Page, R. C. & Schroeder, H. E. 1976. Pathogenesis of inflammatory periodontal disease: A summary of 
current work. Laboratory Investigation, 34, 235-249. 
Page, R. C. & Schroeder, H. E. 1982. Periodontitis in Man and other Animals: A Comparative Review, 
London, England, Karger Basil. 
Pahl, L. I. & Hume, I. D. 1986. Towards an Artifical Diet for Koalas. In: Koala Management: Proceedings of 
the Australian Koala Foundation Inc., Brisbane. Australian Koala Foundation, 45-50. 
Pahl, L. I. & Hume, I. D. 1991. Preferences for Eucalyptus species of the New England Tablelands and 
initial development of an artificial diet for koalas. In: LEE, A. K., HANDASYDE, K. A. & 
SANSON, G. D. (eds.) Biology of the Koala. Sydney: Surrey Beatty and Sons and the World Koala 
Research Corporation. 
Pahl, L. I., Wylie, F. & Fisher, R. 1990. Koala population decline associated with loss of habitat, and 
suggested remedial strategies. In: REED, P., ed. Koala Summit: Managing Koalas in New South 
Wales, Sydney. NSW National Parks and Wildlife Service, 39-47. 
Papapanou, P. N. 2012. The Prevalence of Periodontitis in the US: Forget What You Were Told. Journal of 
Dental Research, 91, 907-908. 
Paster, B. J., Boches, S. K., Galvin, J. L., Ericson, R. E., Lau, C. N., Levanos, V. A., Sahasrabudhe, A. & 
Dewhirst, F. E. 2001. Bacterial Diversity in Human Subgingival Plaque. J. Bacteriol., 183, 3770-
3783. 
Patil, M. S., Patil, S. B. & Acharya, A. B. 2008. Palatine rugae and their Significance in Clinical Dentistry. 
Journal of American Dental Association, 139, 1471-1478. 
Pavlovic, D., Gomercic, T., Guzvica, G., Kusak, J. & Huber, D. 2007. Prevalence of dental pathology in 
wolves (Canis lupus L.) in Croatia: a case report. Veterinarski Archive, 77, 291-297. 
 319 
 
Penzhorn, B. L. 1984. Dental Abnormalities in Free-Ranging Cape Mountain Zebras (Equus zebra zebra). 
Journal of Wildlife Diseases, 20, 161-166. 
Perini, T. A., De Oliveira, G. L., Dos Santos Ornellas, J. & De Oliveira, F. P. 2005. Technical error of 
measurement in Anthropometry. Rev Bras Med Esporte, 11, 86-90. 
Perry, S. M., Pye, G. W. & Fagan, D. A. 2014. Dental Onlay Bridge-Like Prosthesis in three koalas 
(Phascolarctos cinereus): The use of PremiseTM Trimodal composite to prevent Interproximal 
Eucalyptus spp. Retention and Infection. Journal of Zoo and Wildlife Medicine, 45, 450-453. 
Pettett, L. M., Mckinnon, A. J., Wilson, G. J., Carrick, F. N., Sly, L. I. & Bird, P. S. 2012. The development 
of an oral health charting system for koalas (Phascolarctos cinereus). Journal of Veterinary 
Dentistry, 29, 232-41. 
Pink, B. 2008. 2008 Year Book Australia. In: STATISTICS, A. B. O. (ed.). Australian Government. 
Pitts, A. T.?? A Suggested Modification of Angle's Classification. ??, 261-266. 
Pocock, R. I. 1921. On the External Characters of the Koala (Phascolarctos) and ome related Marsupials. 
Proceedings of the Zoological Society of London, 591-607. 
Pond, C. M. 1977. The Significance of Lactation in the Evolution of Mammals. Evolution, 31, 177-199. 
Porter, W. L., Scott, R. S. & Maktelow, B. W. 1970. The occurrence of Paradontal Disease in sheep in 
relation to superphosphate topdressing, stocking rate and other related factors. New Zealand 
Veterinary Journal, 18, 21-27. 
Powers, J. M., Craig, R. G. & Ludema, K. C. 1973. Review Paper: Wear of Dental Enamel. Wear, 23, 141-
152. 
Preece, B. E. 2002. Review of the Pathology of the Red Panda, 2000-2001. In: GLATSTON, A. R. (ed.) The 
Red Panda Studbook No. 12. Rotterdam: Rotterdam Zoo. 
Preece, H. J. 2000. The Role of Queensland Parks and Wildlife Service in Koala Conservation and 
Management. In:  Conference on the status of the Koala in 2000, Brisbane. Australian Koala 
Foundation, 131-136. 
Preece, H. J. 2007. Monitoring and modelling threats to koala populations in rapidly urbanising landscapes: 
Koala Coast, South East Queensland, Australia. PhD Thesis, The University of Queensland, 
Brisbane. 
Prinz, J. F. & Lucas, P. W. 1997. An Optimization model for Mastication and Swallowing in Mammals. 
Proceedings: Biological Sciences, 264, 1715-1721. 
Pye, G. W., Hamlin-Andrus, C. & Moll, J. 2008. Hip Dysplasia in Koalas (Phascolarctos cinereus) at the 
San Diego Zoo. Journal of Zoo and Wildlife Medicine, 39, 61-68. 
Raes, J. & Bork, P. 2008. Molecular eco-systems biology: towards an understanding of community function. 
Nature Reviews Microbiology, 6, 693-699. 
Ramfjord, S. P., Emslie, K. D., Greene, J. C., Held, A. J. & Waerhaug, J. 1968. Epidemiological studies of 
periodontal diseases. American Journal of Public Health, 58, 1713-1722. 
 320 
 
Ramzan, P. H. L. 2010. Clinical Commentary: Cheek tooth malocclusions and periodontal disease. Equine 
Veterinary Education, 22, 445-450. 
Rasmussen, S. T., Patchin, R. E., Scott, D. B. & Heuer, A. H. 1976. Fracture Properties of Human Enamel 
and Dentin. Journal of Dental Research, 55, 154-164. 
Ratcliff, S., Becker, I. M. & Quinn, L. 2001. Type and incidence of cracks in posterior teeth. Journal of 
Prosthetic Dentistry, 86, 168-172. 
Reed, P. C., Lunney, D. & Walker, P. 1990. A 1986-1987 survey of the koala Phascolarctos cinereus 
(Goldfuss) in New South Wales and an ecological interpretation of its distribution. In: LEE, A. K., 
HANDASYDE, K. A. & SANSON, G. D. (eds.) Biology of the Koala. Chipping North, Australia: 
Surrey Beatty & Sons Pty Ltd. 
Reichart, P. A., Dȕrr, U. M., Triadan, H. & Vickendey, G. 1984. Periodontal disease in the domestic cat. 
Journal of Periodontal Research, 19, 67-75. 
Ride, W. D. L. 1970. A guide to the native mammals of Australia, Melbourne, Oxford University Press. 
Robinson, P. T. 1976. Koala Management and Medicine at the San Diego Zoo. In: BERGIN, T. J., ed. 
Proceedings of the Taronga Symposium on Koala Biology, Management and Medicine, Sydney. 
Zoological Parks Board of N.S.W., 166-171. 
Robinson, P. T. 1979a. A Literature review of Dental Pathology and Aging by dental means in Nondomestic 
Animals: Part I. The Journal of Zoo Animal Medicine, 10, 57-65. 
Robinson, P. T. 1979b. A Literature Review of Dental Pathology and Aging by Dental Means in 
Nondomestic Animals: Part II. Journal of Zoo Animal Medicine, 10, 81-91. 
Robinson, P. T. 1986. Dentistry in Zoo Animals. In: FOWLER, M. E. (ed.) Zoo and Wild Animal Medicine. 
2nd ed. Sydney: W.B. Saunders & Co. 
Rosan, B. & Lamont, R. J. 2000. Dental plaque formation. Microbes and Infection, 2, 1599-1607. 
Rupprecht, R. D., Horning, G. M., Nicoll, B. K. & Cohen, M. E. 2001. Prevalence of Dehiscences and 
Fenestrations in Modern American Skulls. Journal of Periodontology, 72, 722-729. 
Russell, A. L. 1956. A System of Classification and Scoring for Prevalence Surveys of Periodontal Disease. 
Journal of Dental Research, 35, 350-359. 
Sainsbury, A. W., Kountouri, A., Duboulay, G. & Kertesz, P. 2004. Oral disease in free-living Red Squirrels 
(Sciurus vulgaris) in the United Kingdom. Journal of Wildlife Diseases, 40, 185-196. 
Samuel, J. L. 1983. Jaw disease in macropod marsupials: Bacterial flora isolated from lesions and from the 
mouths of affected animals. Veterinary Microbiology, 8, 373-387. 
Samuel, J. L. & Woodall, P. F. 1988. Periodontal Disease in Feral Pigs (Sus Scrofa) from Queensland, 
Australia. Journal of Wildlife Diseases, 24, 201-206. 
Sanchez-Villagra, M. R. & Smith, K. K. 1997. Diversity and Evolution of the Marsupial mandibular angular 
Process. Journal of Mammalian Evolution, 4, 119-144. 
 321 
 
Sauther, M. L., Sussman, R. W. & Cuozzo, F. 2002. Dental and General Health in a Population of Wild 
Ring-Tailed Lemurs: A List History Approach. American Journal of Physical Anthropology, 117, 
122-132. 
Sbordone, L. 2003. Oral microbial biofilms and plaque-related diseases: microbial communities and their 
role in the shift from oral health to disease. Clin Oral Invest, 7, 181-188. 
Schultz, A. H. 1947. Variability in man and other Primates. American Journal of Physical Anthropology, 5, 
1-14. 
Schürer, U. 1980. Differences in the incidence of diseases of the jaw of giant kangaroos. Zoological Garden, 
50, 433-43. 
Seligsohn, D. & Szalay, F. S. 1978. Relationship between Natural Selection and Dental Morphology: Tooth 
function and Diet in Lepilemur and Hapalemur. In: BUTLER, P. M. & JOYSEY, K. A. (eds.) 
Development, Function and Evolution of Teeth. London: Academic Press Inc. 
Serventy, V. & Serventy, C. 1975. The Koala, Spain, S.A. Novograph and S.A. Roner. 
Seymour, A. M. 2001. High effective inbreeding coefficients correlate with morphological abnormalities in 
populations of South Australian koalas (Phascolarctos cinereus). Animal Conservation, 4, 211-219. 
Sheppe, W. 1965. Periodontal Disease in the Deer Mouse, Peromyscus. Journal of Dental Research, May-
June, 507-508. 
Sikarskie, J. G. 1992. The Role of Veterinary Medicine in Wildlife Rehabilitation. Journal of Zoo and 
Wildlife Medicine, 23, 397-400. 
Silness, H. & Loe, H. 1964. Periodontal disease in pregnancy. II. Correlation between oral hygiene and 
periodontal conditions. Acta Odont. Scand., 22, 121-135. 
Sissons, C. H., Anderson, S. A., Wong, L., Coleman, M. J. & White, D. C. 2007. Microbiota of plaque 
microcosm biofilms: effect of three times daily sucrose pulses in different simulated oral 
environments. Caries Research, 41, 413-422. 
Smith, J. D., Genoways, H. H. & Knox Jones, J. 1977. Cranial and Dental anomalies in three species of 
Platyrrhine monkeys from Nicaragua. Folia Primatologica, 28, 1-42. 
Smith, M. 1979. Behaviour of the Koala, Phascolarctos cinereus Goldfuss, in captivity. I. Non-Social 
Behaviour. Australian Wildlife Research, 6, 117-129. 
Smith, M. M., Zontine, W. J. & Willits, N. H. 1985. A correlative study of the clinical and radiographic signs 
of periodontal disease in dogs. Journal of the American Veterinary Medical Association, 186, 1286-
1290. 
Smith, P. & Smith, J. D. 1990. Decline of the urban koala (Phascolarctos cinereus) population in Warringah 
Shire, Sydney. Australian Zoologist, 26, 109-129. 
Socransky, S. S. & Haffajee, A. D. 1992. The bacterial aetiology of destructive periodontal disease: current 
concepts. Journal of Periodontology, 63, 322-331. 
Socransky, S. S. & Haffajee, A. D. 2000. Periodontal microbial ecology. Peridontology, 38, 135-187. 
 322 
 
Socransky, S. S. & Haffajee, A. D. 2002. Dental biofilms: difficult therapeutic targets. Periodontology 2000, 
28, 12-55. 
Socransky, S. S., Haffajee, A. D. & Cugini, M. A. 1998. Microbial complexes in subgingival plaque. Journal 
of Clinical Periodontology, 25, 134-144. 
Socransky, S. S., Manganiello, A. D., Propas, D., Oram, V. & Van Houte, J. 1977. Bacteriological studies of 
developing Supragingival dental Plaque. Journal of Periodontal Research, 12, 90-106. 
Sone, K., Koyasu, K. & Oda, S. 2004. Dental and skull anomalies in feral coypu, Myocastor coypus. 
Archives of Oral Biology, 49, 849-854. 
Sorensen, W. P., Lȍe, H. & Ramfjord, S. P. 1980. Periodontal disease in the Beagle Dog. Journal of 
Periodontal Research, 15, 380-389. 
Stebbins, K. E., Morse, C. C. & Goldschmidt, M. H. 1989. Feline Oral Neoplasia: A Ten-Year Survey. 
Veterinary Pathology, 26, 121-128. 
Stoller, N. H., Ela, K. M., Calle, P. P., Slots, J. & Taichman, N. S. 1989. Periodontal disease in the 
Orangutan. Journal of Zoo and Wildlife Medicine, 20, 454-460. 
Stoner, K. E. 1995. Dental pathology in Pongo satyrus borneensis. American Journal of Physical 
Anthropology, 98, 307-21. 
Strȍmquist, A., Fahlman, Å., Arnemo, J. M. & Pettersson, A. 2009. Dental and Periodontal Health in Free-
Ranging Swedish Brown Bears (Ursus arctos). Journal of Comparative Pathology, 141, 170-176. 
Suchentrunk, F., Markowski, J., Janiszewski, T. & Hartl, G. B. 1992. Dental and cranial anomalies in 
Austrian and Polish brown hare Lepus europaeus populations. Acta Theriologica, 37, 241-257. 
Szuma, E. 1992. Dental abnormalities in the red fox Vulpes vulpes from Poland. Acta Theriologica, 41, 393-
412. 
Tal, H. 1983. Alveolar Dehiscences and Fenestrae in Dried South African Negro Mandibles. American 
Journal of Physical Anthropology, 61, 173-179. 
Talan, D. A., Citron, D. M., Fredrick, B. S., Abrahamian, F. M., Moran, G. J. & Goldman, E. J. C. 1999. 
Bacteriologic analysis of infected dog and cat bites. New England Journal of Medicine, 340, 85-92. 
Ten Carte, J. M. 2006. Biofilms, a new approach to the microbiology of dental plaque. Odontology, 94, 1-9. 
Theilade, E., Wright, W. H., Borglum-Jensen, S. & Lȍe, H. 1966. Experimental gingivitis in man II, A 
longitudinal clinical and bacteriological investigation. Journal of Periodontal Research, 1, 1-13. 
Thomas, O. Year. On the milk-dentition of the Koala. In:  Proceedings of the Zoological Society of London, 
1887 London. 338-339. 
Thompson, J. 2001. The role of research in koala management: case studies from southeast Queensland. In: 
LYONS, K., MELZER, A., CARRICK, F. N. & LAMB, D. (eds.) The research and management of 
Non-urban Koala Populations. Rockhampton: Koala Research Centre of Queensland. 
Tobey, J. R., Andrus, C. H., Doyle, L., Thompson, J. & Bercovitch, F. B. 2005. Maternal effort and joey 
growth in koalas (Phascolarctos cinereus). Journal of Zoology, 268, 423-431. 
 323 
 
Tomlinson, A. R. & Gooding, C. G. 1954. A kangaroo disease: Investigations into "lumpy jaw" on the 
Murchison, 1954. Journal of the Department of Agriculture of Western Australia, 3, 715-718. 
Uhlinger, C. 1987. Survey of selected dental abnormalities in 233 horses. Proceedings of the American 
Association of Equine Practioners, 33, 577-583. 
Van Der Weijden, G. A., Timmerman, M. F., Nijboer, A., Reijerse, E. & Van Der Velden, U. 1994. 
Comparison of different approaches to assess bleeding on probing as indicators of gingivitis. Journal 
of Clinical Periodontology, 21, 589-594. 
Van Foreest, A. W. 1993. Veterinary Dentistry in Zoo and Wild Animals. In: FOWLER, M. E. (ed.) Zoo and 
Wild Animal Medicine. Sydney: W.B. Saunders & Co. 
Van Foreest, A. W. 1995. Dentistry in Wildlife Casualties and Exotic Animals. In: CROSSLEY, D. & 
PENMAN, S. (eds.) BSAVA Manual of Small Animal Dentistry. 2nd ed. Gloucestershire, UK.: 
British Small Animal Veterinary Association. 
Van Houte, J., Gibbons, R. J. & Banghart, S. B. 1970. Adherence as a determinant of the presence of 
Streptococcus salivarius and Streptococcus sanguis on the human tooth surface. Archives of Oral 
Biology, 15, 1025-1034. 
Vella, D. 2006. Rabbit dental abscessation: diagnosis and surgical treatments. The Veterinarian. 
Verhaert, L. 1993. Oral Proliferative Lesions in Dogs and Cats. In: HARVEY, C. E. & EMILY, P. E. (eds.) 
Small Animal Dentistry. St. Louis: Mosby Year Book. 
Verstraete, F. J. M. 2003. Advances in Diagnosis and Treatment of Small Exotic Mammal Dental Disease. 
Seminars in Avian and Exotic Pet Medicine, 12, 37-48. 
Verstraete, F. J. M. 2007. Orthodontics - Common Malocclusion Syndromes. In:  European Veterinary 
Conference, Amsterdam. Voojaarsdagen, 63-64. 
Verstraete, F. J. M., Van Aarde, R. J., Nieuwoudt, B. A., Mauer, E. & Kass, P. H. 1996. The Dental 
Pathology of Feral Cats on Marion Island, Part 1: Congenital, Developmental and Traumatic 
Abnormalities. Journal of Comparative Pathology, 115, 265-282. 
Volchansky, A. & Vieira, E. 1981. Alveolar dehiscence and fenestration in dried South African Negro 
maxillae. Journal of Dental Association of South Africa, 36, 701-704. 
Volpe, A. R., Manhold, J. H. & Hazen, S. P. 1965. In Vivo Calculus Assessment: Part 1 A Method and Its 
Examiner Reproducibility. The Journal of Periodontology, 36, 32-38. 
Vosburgh, K. M., Barbiers, R. B. & Sikarskie, J. G. 1982. A soft versus hard diet and oral health in captive 
timber wolves (Canis lupus). Journal of Zoo Animal Medicine, 13, 104-107. 
Weigler, B. J., Booth, R. J., Osawa, R. & Carrick, F. N. 1987. Causes of morbidity and mortality in 75 free-
ranging and captive Koalas in Sotheast Queensland, Australia. . Veterinary Record, 121, 571-572. 
Wenker, C. J., Stich, H., Muller, M. & Lussi, A. 1999. A retrospective study of dental conditions of captive 
brown bears (Ursus arctos spp.) compared with free-ranging Alaskan grizzlies (Ursus arctos 
horribilis). Journal of Zoo and Wildlife Medicine, 30, 208-21. 
 324 
 
West-Hyde, L. W. & Floyd, M. 1995. Dentistry. In: ETTINGER, S. J. & FELDMAN, E. C. E. (eds.) 
Textbook of Veterinary Internal Medicine. 4th ed. Philadelphia: W.B. Saunders. 
Whittaker, C. J., Klier, C. M. & Kolenbrander, P. E. 1996. Mechanisms of adhesion by oral bacteria. Annual 
Reviews of Microbiology, 50, 513-552. 
Wiebe, C. B., Adkins, C. A., Putnins, E. E., Hakkinen, L. & Larjava, H. S. 2001. Naturally occurring 
Periodontal Bone Loss in the Wild Deer Mouse, Genus Peromyscus. Journal of Periodontology, 72, 
620-625. 
Wielebnowski, N. 2003. Stress and distress: evaluating their impact for the well-being of zoo animals. 
Journal of the American Veterinary Medical Association, 223, 973-976. 
Wiggs, R. B. 2003. Nonhuman primate dentistry. Veterinary Clinics of North America. Exotic Animal 
Practice, 6, 661-687. 
Wildt, D., Zhang, A., Zhang, H., Janssen, D. L. & Ellis, S. (eds.) 2006. Giant Pandas: Biology, Veterinary 
Medicine and Management, Cambridge, UK: Cambridge University Press. 
Williams, R. 2006. Operational policy: Moggill koala hospital policy euthanasia of wildlife. Conservation 
Services Division, Queensland Environmental Protection Agency. 
Willis, G. P., Kapustin, N., Janice, M., Warrick, R., Miller, L. L., Stookey, G. K., Hopkins, D. T., Doan, E. J. 
& Ross, S. R. 1999. Preventing dental calculus formation in Lemurs (Lemur catta, eulemur fulvus 
collaris) and Baboons (Papio cynocephalus). Journal of Zoo and Wildlife Medicine, 30, 377-382. 
Wilson, G. J. & Gillett, A. 2010. Commissurotomy for improving access to the oral cavity of the wombat. 
Australian Veterinary Journal, 88, 277-279. 
Woodall, P. F. 1989. Periodontal disease in Southern African Bushpigs (Potamochoerus porcus) and 
Warthogs (Phacochoerus aethiopicus). Journal of Wildlife Diseases, 25, 66-69. 
Xie, Z., Swain, M. V. & Hoffman, M. J. 2009. Structural Integrity of Enamel: Experimental and Modeling. 
Journal of Dental Research, 88, 529-533. 
Young, A. H. 1881. Anatomy of the koala (Phascolarctos cinereus). Journal of Anatomy, 15, 466-474. 
Young, W. G. 1987. Tooth enamel structure in the Koala, Phascolarctos cinereus: - some functional 
interpretations. Scanning Microscopy, 1, 1925-1934. 
Young, W. G. 1990a. Differential wear resistance as a function of tooth enamel structure in the koala 
Phascolarctos cinereus. In: LEE, A. K., HANDASYDE, K. & SANSON, G. D. (eds.) Biology of the 
Koala. Sydney: Surrey Beatty & Sons. 
Young, W. G. 1990b. Some approaches to Koala age estimation from teeth. In: GORDON, G., ed. Koalas - 
Research for Management, Brisbane. World Koala Research Incorporation, 29-36. 
Young, W. G., Jupp, R. & Kruger, B. J. 1989. Evolution of the Skull, Jaws and Teeth in Vertebrates, 
Brisbane,Australia, The University of Queensland Printers. 
 
